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SOME  INTERESTING  DATA  FOR  OUR 
MEMBERSHIP 

A  very  conservative  estimate,  based  upon  reliable  data, 
shows  there  are  in  this  country  at  least  10,000  leading 
engineers  and  directors  of  industries  capable  of  satisfying 
the  high  requirements  for  membership  in  this  Society. 
Therefore,  less  than  half  of  those  eligible  are  supporting 
the  Society  in  the  furtherance  of  the  objects  for  which 
it  was  founded — "to  promote  the  arts  and  sciences  con- 
nected with  engineering  and  mechanical  construction." 

With  the  added  strength  and  support  of  these  5000  en- 
gineers now  outside  its  ranks,  the  Society  could  accomplish 
much  that  cannot  now  be  undertaken. 

This  large  addition  to  our  membership  must  be  made 
very  carefully  and  deliberately,  as  the  present  standard  of 
membership  must  by  all  means  be  maintained.  The  task 
of  increasing  the  membership  is  entirely  in  the  hands  of 
those  now  enrolled.  They  must  choose  those  men  worthy 
of  the  Society's  recognition,  they  must  approach  them  and 
explain  how  their  membership  in  the  Society  will  be 
mutually  advantageous. 

This  Committee  wishes  to  point  out  the  necessity  for 
prompt  and  earnest  cooperation  in  this  important  move- 
ment, and  believes  that  all  of  the  members  will  cheer- 
fully cooperate  when  they  realize  the  necessity  for  such 
action. 

COMMITTEE  OX  INCREASE  OF  MEMBERSHIP 

I.  E.  MorLTROP,  ChniJi.  W.  T.  Donnelly 

C.  W.  Aiken  J.  P.  Ilsley 

J.  v.  v.  Colwell  E.  B.  Katte 

R.  M.  Dixon  H.  S.  Wvnkoop 
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MEETING   IN   GERMANY 

For  the  more  complete  arranging  of  the  joint  meeting  of  the 
Society  with  the  Verein  deiitscher  Ingenieiire,  to  be  held  in  Leip- 
zig, June  23-25,  1013,  Dr.  Conrad  Matschoss,  Dozent  of  the  Eoyal 
Polytechnic  High  School  of  Berlin,  is  now  in  America  represent- 
ing the  German  society,  and  tentative  plans  will  soon  be  an- 
nounced. From  the  details  thus  far  known  it  can  be  foretold 
that  a  most  unusual  opportunity  will  be  afforded  to  visit  the 
various  German  industries  and  to  observe  the  progress  made 
along  engineering  lines  in  that  country.  The  textile  district 
around  Leipzig,  the  machine  tool  and  various  other  industries  at 
Diisseldorf.  the  Allegemeine  Electrichats  Gesellschaft  at  Berlin, 
the  largest  manufacturers  of  electrical  apparatus  in  the  world, 
Siemens  Schuckert,  Ludwig  Loewe,  who  entertained  members  of 
the  Society  during  the  visit  of  1889,  and  the  chemical  works  in 
Frankfort,  are  being  considered  as  points  of  interest  to  be  in- 
cluded in  the  program.  Special  opportunities  will  also  be  pro- 
vided for  a  comprehensive  study  of  the  great  German  Museum 
of  the  Technical  Arts  and  Industries  at  Munich.  There  will 
also  be  a  trip  on  the  Rhine  and  receptions  in  several  of  the  cities, 
and  visits  to  the  various  shipyards  and  to  the  art  galleries  in 
Dresden  and  other  cities.    In  addition  to  these  official  excursions, 
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invitations  are  being  received  by  the  Society  from  a  number  of 
prominent  German  firms  which  offer  their  hospitality  to  our 
members  and  show  the  great  interest  which  is  felt  in  the  trip. 

The  Committee  of  Arrangements,  Col.  E.  D.  Meier,  Chairman, 
is  assured  of  adequate  steamer  accomodations,  affording  the  maxi- 
mum of  comfort  with  the  minimum  of  expense,  provided  the 
party  is  large  enough.  It  is  desired  to  charter  a  steamer,  which 
will  make  possible  the  gratifying  of  all  tastes.  Guests  will  be 
welcomed  and  may  be  included  in  the  party. 

In  addition  to  his  mission  in  connection  with  the  Joint  Meet- 
ing, Dr.  Matschoss  is  charged  by  the  Verein  deutscher  Ingenieure 
to  make  a  tour  of  America  to  study  our  educational  methods  and 
to  report  on  these  in  connection  with  the  part  they  are  taking 
in  the  modification  of  the  curriculum  in  Germany  so  as  to  pro- 
duce technical  graduates  who  are  more  immediately  available  in 
the  shop.  The  Council  and  the  Committee  of  Arrangements  for 
the  Joint  Meeting  have  in  charge  an  itinerary  for  Dr.  Matschoss 
which  w411  enable  him  to  secure  the  information  he  seeks,  and 
members  of  the  Society  in  the  various  cities  which  he  may  visit 
are  urged  to  cooperate  by  placing  facilities  for  securing  such 
data  at  his  disposal. 

CURRENT  AFFAIRS  OF  THE  SOCIETY 

The  opportunities  for  serving  the  profession  of  engineering 
were  never  greater  than  they  are  at  the  present  time.  The  Society 
is  seeking  to  enlist  in  this  service  the  interest  of  the  most  eminent 
engineers  in  every  branch  to  contribute  of  their  knowledge  either 
papers  or  discussions,  and  members  should  extend  to  men  of  at- 
tainment invitations  to  become  identified  with  the  Society. 

All  suggestions  along  such  lines  are  being  actively  followed  up 
by  the  Committee  on  Increase  of  Membership,  composed  of  mem- 
bers of  the  Council  and  other  members  of  the  Society,  and  the 
cooperation  of  the  membership  generally  is  encouraged.  Ac- 
companying this  increased  activity,  however,  is  the  increasing 
strictness  of  the  Membership  Committee  in  its  interpretation  of 
the  requirements  for  admission.  The  membership  can  greatly 
assist  by  explaining  to  applicants  the  essential  requirements  for 
admission  and  the  necessary  care  which  must  at  all  times  be 
enforced. 
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VISIT  OF  DR.  UN  WIN 

Dr.  William  Cawthorne  Unwin,  Honorary  Member  of  the 
Society  and  President  of  the  Institution  of  Civil  Engineers  of 
Great  Britain,  is  expected  to  arrive  in  this  country  the  latter 
part  of  August,  and  will  be  welcomed  by  many  members  of  the 
Society. 

A\ILLIAM    MARSH    RICE    INSTITUTE 

The  Society  will  be  officialh^  represented  at  the  opening  of  the 
William  Marsh  Eice  Institute  in  Houston,  Texas,  on  October 
10-12,  by  its  President,  Dr.  Alexander  Crombie  Humphreys, 
president  of  the  Stevens  Institute  of  Technology.  The  new  in- 
stitute is  destined  to  become  one  of  the  principal  institutions  of 
the  South  and  men  of  letters  and  science  from  all  countries  of 
the  world  will  gather  to  celebrate  its  opening. 

INTERNATIONAL  CONGRESS  FOR  TESTING  MATERIALS 

The  members  of  the  Society  and  ladies  are  cordially  invited 
to  attend  the  joint  reception  given  in  honor  of  the  delegates  to 
the  International  Congress  for  Testing  Materials  by  the  Ameri- 
can Society  for  Testing  Materials  and  the  three  founder  societies, 
in  the  Engineering  Societies  Building,  New  York,  on  the  even- 
ing of  September  2.  No  further  notice  of  this  meeting  will  be 
made  to  the  membership,  but  it  is  anticipated  that  a  large  audi- 
ence will  assemble  to  greet  the  delegates. 

Calvin  W.  Rice,  Secretary 

MEETING  OF  THE  SUB -COMMITTEES  ON  THE 
INDUSTRIES 

A  meeting  of  the  newly  appointed  sub-committees  of  the  Com- 
mittee on  Meetings,  including  committees  on  Textiles.  Adminis- 
tration, Cement  Manufacture,  Machine  Shop  Practice.  Iron  and 
Steel,  Air  Machinery,  Railroads,  Hoisting  and  Conveying,  In- 
dustrial Building,  and  Fire  Protection,  was  held  in  the  Engineer- 
ing Societies  Building  on  July  29,  and  was  very  largely  attended. 
Dr.  Alex.  C.  Humphreys,  President,  and  Calvin  W.  Rice.  Secre- 
tary, were  present,  and  the  Committee  on  Meetings  was  repre- 
sented by  H.  deB.  Parsons  and  Dr.  Charles  E.  Lucke.  Chairman. 

Dr.  Lucke,  who  acted  as  Chairman  of  the  meetinff.  outlined  its 
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general  purpose,  stating  that  tlie  Society  was  now  making  an 
experiment,  the  result  of  which  rested  with  the  sub-committees 
and  the  individual  members.  In  addition  to  the  meetings  held 
for  the  discussion  of  strictly  professional  matters,  directed  for 
the  benefit  of  the  members,  it  is  proposed  to  bring  out  the  broad 
problems  common  to  many  or  all  of  the  different  in- 
dustries, applying  to  their  solution  the  methods  adopted  by  the 
most  successful.  The  emphasis  will,  of  course,  be  laid  on  those 
problems  which  properly  fall  within  the  province  of  engineers, 
rather  than  of  traders,  lawyers,  or  financiers. 

For  the  working  out  of  this  experiment,  groups  of  men  have 
been  appointed,  known  as  committees,  charged  with  the  respons- 
ibility of  bringing  before  the  Society  both  the  problems  and 
their  successful  solution,  each  group  being  invited  to  cooperate 
with  the  other  in  any  presentations  which  may  be  made.  Special- 
ists on  the  various  subjects  have  been  chosen  and  the  subjects  will 
be  treated  in  such  a  way  as  to  be  helpful  to  all.  To  conform  with 
the  professional  ideals  of  the  Society,  these  presentations  must 
represent  scientific  advance  and  at  the  same  time  be  of  practical 
benefit.  If  possible  whole  sessions  of  the  Annual  IMeeting  will  be 
assigned  to  the  sub-committees,  for  a  complete  discussion  of  the 
problems  presented. 

A  general  discussion  followed  Dr.  Lucke's  remarks. 

The  Committee  on  Cement  Manufacture,  F.  W.  Kelley,  chair- 
man, has  already  chosen  as  its  leading  topic  for  the  Cement  Ses- 
sion of  the  Annual  Meeting,  Depreciation  and  Obsolescence,  and 
a  letter  has  been  issued  to  other  sub-committees  requesting  sta- 
tistics as  to  the  obsolescence  of  all  types  of  apparatus.  The  fol- 
lowing are  specifically  mentioned:  electric  generators,  steam  en- 
gines, turbines  and  auxiliaries:  piping,  pipe  fittings,  steam 
boilers,  boiler  auxiliaries,  stokers  and  coal  handling  equipment, 
electric  lines  and  line  apparatus,  electric  motors,  lineshafts  and 
pulleys.  A  second  topic  which  has  been  suggested.  Prevention 
of  Accidents  to  Employees,  also  demands  cooperation  from  other 
conjmittees,  and  data  have  been  asked  for  upon  the  protection 
of  gears,  pulleys,  shafting,  electric  wiring,  overhead  runways 
and  platforms,  and  in  general  the  methods  of  securing  the  at- 
tention and  cooperation  of  the  workers  themselves  in  conjunction 
with  mechanical  means  for  presenting  accidents  to  them.  An 
invitation  to  cooperate  on  these  topics  is  extended  to  the  mem- 
bership at  large. 


THE  PRINCIPLES  OF  VALUING  PROPERTY 

WITH  SPECIAL   REFERENCE   TO   INDUSTRIAL   ENTERPRISES 

By  Henry  K.  Rowell 

ABSTRACT  OF  PAPER 

The  purpose  of  the  paper  is  to  bring  out  some  of  the  fundamental  principles 
involved  in  the  valuation  of  property.  The  distinction  is  defined  between  the 
word  value,  and  a  valuable  consideration,  and  the  several  purposes  for  which 
value  is  to  be  determined,  each  of  which  may  vary  from  the  other  and  stiU  be 
within  the  truth.  The  commercial  value  is  the  one  most  essential  to  an  industry 
and  should  be  the  determining  factor  for  purposes  of  tax,  insurance  or  sale. 

No  valuation  can  be  properly  ascertained  without  accounting  for  the  de- 
preciation. 

Capitalization  is  a  dehcate  and  intricate  question  to  deal  with.  The  author's 
experience  is  that  most  if  not  all  writers  skip  over  this  subject  lightly,  and  he 
has  yet  to  find  a  real  logical  discussion  of  the  subject. 

In  all  mechanical  and  industrial  processes  the  same  laws  of  growth  and  de- 
velopment are  as  potent  as  are  the  laws  of  evolution  in  the  natural  growth  and 
development  of  the  physical  world. 
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THE  PRINCIPLES  OF  VALUING  PROPERTY 

WITH  SPECIAL  REFERENCE  TO  INDUSTRIAL  ENTERPRISES 

By  Henry  K.  Rowell,   Boston,  Mass. 

Member  of  the  Society 

In  general  every  industiy  should  be  revalued  at  stated  periods. 
The  laws  of  some  states  require  a  revaluation  every  five  years,  or 
for  purposes  of  assessment  or  insurance  every  seven  years.  In 
this  paper  the  leading  principles  laid  down  for  defining  and  as- 
certaining the  value  of  property  for  various  purposes  are  con- 
cisely expressed. 

2  In  discussing  the  several  kinds  of  values,  reference  is  made 
to  a  number  of  cases  handed  down  from  the  Supreme  Courts  of 
several  states  and  the  United  States,  and  some  of  the  cases  estab- 
lishing the  precedent  upon  whicli  the  rules  of  law  are  founded 
may  be  found  in  Judson's  Taxation.  In  some  cases  the  language 
used  is  that  of  the  reported  cases  and  in  others  of  the  textbook. 
The  matter  contained  in  the  discussions  of  depreciation  and  capi- 
talization is  out  of  the  author's  own  experience,  with  a  brief  ref- 
erence to  the  report  of  the  Tarift'  Board  on  the  worsted  and  wool- 
en industry. 

DEFINITION    OF    TERMS 

3  Following  is  a  definition  of  the  terms  used,  or  referred  to : 

a  Cost  of  plant  includes  the  cost  of  the  materials,  labor, 
professional  services  required  to  produce  the  physical 
property,  interest  and  insurance  during  construction, 
and  the  amount  required  to  put  the  plant  in  operation. 

h  Cost  of  operating  includes  labor,  supplies  and  inci- 
dentals necessary  to  manufacture  the  product,  but 
does  not  include  the  stock  in  process,  repairs  and 
maintenance. 


The  American  Society  of  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     Ah  papers  are  subject  to  revision. 
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c  Fixed  charges  includes  taxes,  insurance,  interest  on  cur- 
rent liabilities,  and  bonds. 

d  Overhead  charges  includes  oversight,  office  and  count- 
ing room  expenses,  advertising  and  selling. 

e  Depreciation  annuity,  the  sum  set  aside  as  a  sinking 
fund  to  replace  the  plant. 

/  Annuity^  the  sum  set  aside  to  discharge  the  fimded  debt 
at  the  end  of  a  stated  period. 

g  Amortization^  the  annuity  set  aside  as  a  sinking  fund 
to  redeem  the  capital  invested  at  the  end  of  a  stated 
l)eriod.  The  term  refers  particularly  to  the  death  of 
an  industry  from  its  exhaustion,  as  a  mine  or  quarry. 
It  is  not  depreciation,  although  analogous  to  it.  De- 
preciation infers  a  continuance  by  renewals  to  the 
tangible  property.  The  term  amortization  is  not 
again  referred  to  in  the  following  discussions. 

VALUE  OF  PROPERTY 

4  In  determining  the  value  of  property  all  the  factors  enum- 
erated enter  into  the  problem,  and  each  must  be  given  its  proper 
amount  of  consideration  and  correct  application  to  bear  the  test 
of  logical  reasoning.  Eveiy  case  of  appraisal  should  be  ap- 
proached with  the  idea  that  the  results  may  have  to  stand  the 
test  of  the  court. 

5  Value  does  not  mean  cost,  nor  does  it  necessarily  mean  the 
purchase  nor  the  selling  price.  It  means  the  desirability  or 
worth  of  one  thing  as  compared  with  that  of  another,  with  ref- 
erence to  its  usefulness.  Value  as  defined  by  law  is  measured  in 
terms  of  money. 

6  A  valuable  consideration,  however,  within  the  meaning  of 
the  law  may  consist  either  in  some  right,  interest,  profit  or  benefit 
accruing  to  one  party,  or  some  forbearance,  detriment,  loss  or 
responsibility  given,  suffered  or  undertaken  by  the  other.  It  is 
under  this  definition  that  a  court  of  equity  Avould  compel  the  spe- 
cific performance  of  a  contract  where  damages  would  not  give 
adequate  compensation  as  in  a  case  where  the  thing  contracted 
for  is  specific  and  its  counterpart  can  not  be  purchased  in  the 
open  market. 

7  The  rule  of  law  would  be  to  place  a  value  upon  the  loss  or 
non-performance  of  the  promise  and  aw^ard  the  damages  in  a 
payment  of  money.     Equity  follows  the  law  wherever  possible, 
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and  in  a  suit  for  damages  where  compensation  can  be  given  by 
the  payment  of  a  sum  of  money  determined  by  the  value  of  the 
property  in  question,  equity  woidd  not  grant  specific  perform- 
ance, nor  what  is  termed  a  payment  in  kind. 

8  The  theor}'  of  the  hiw  is  that  money  as  the  universally  rec- 
ognized medium  of  exchange  and  measure  of  value,  is  always  ac- 
ceptable and  leaves  the  one  who  rightfulW  possesses  it  free  to 
purchase  what  he  wishes  to  satisfy  his  requirements  or  pleasure. 
It  is  very  rare,  indeed,  that  a  demand  or  pleasure  can  not  be  sat- 
islied  by  the  purchase  of  something  else. 

9  Another  reason  for  preferring  a  payment  of  damages  in 
money  is  that  upon  the  pavment  of  money  litigation  ceases; 
Avhereas,  if  specific  performance,  or  payment  in  kind  were 
granted,  the  courts  Avould  ha^e  the  difficult}^  of  enforcing  the 
specific  performance,  or  payment  in  kind. 

10  Payment  in  kind,  in  the  case  of  water  rights,  has  been 
allowed  in  England,  by  act  of  parliament. 

TAX  VALUE 

11  Tax  value  is  defined  by  the  courts  and  stated  by  the  legis- 
lators of  the  several  states  to  be  the  true  or  fair  cash  value  of 
the  property  at  the  time  of  assessment.  The  fair  cash  value  is 
the  price  which  a  willing  and  voluntary  seller  will  accept  from 
a  willing  purchaser  who  has  the  money  to  pay  at  the  time  of  sale. 
In  the  assessments  of  taxes  the  rates  will  vary  from  nothing  in 
the  case  of  exemption  to  over  $20  per  thousand.  Some  localities 
may  have  a  low  rate  of  valuation  with  a  low  rate  of  tax,  others 
may  have  both  a  high  rate  of  valuation  with  a  high  rate  of  tax, 
while  others  may  have  a  moderate  rate  for  both  valuation  and 
tax.  There  is  no  violation  of  the  law^  as  long  as  the  rates  are 
uniform  and  equal.  The  United  States  Supreme  Court  laid  down 
the  rule  that  uniform  and  equal  refers  to  geographical  uniformity 
where  the  rates  operate  generally  throughout  the  United  States, 
and  uniformly  wherever  the  subject  of  the  tax  is  found.  The 
court  has  declined  to  define  the  word  equal  as  no  rule  can  be 
formulated  to  cover  everj'^  case,  but  upon  the  general  question  it 
is  said  that  equal  protection  of  the  law  means  that  no  person  or 
class  of  persons  shall  be  denied  the  same  protection  of  the  laws 
enjoyed  by  other  persons  or  other  classes  of  persons  in  the  same 
place  and  in  like  circumstances. 

12  Some  of  the  states  hold  that  equal  and  uniform  mean  in- 
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trinsic  equality  and  uniformity,  which  is  not  apparent  equality 
or  imiformity.  The  Supreme  Court  of  Massachusetts  said  that 
a  fair  cash  value  is  irrespective  of  value  placed  by  the  assessors 
upon  similar  property  in  the  same  city,  the  question  being 
whether  it  had  been  valued  at  more  or  less  than  its  fair  cash 
value,  and  not  relatively  more  or  less  than  similar  property  of 
other  persons. 

13  The  amount  of  taxes  assessed  is  usually  taken  from  about 
two-thirds  to  three-quarters  of  the  full  value  of  the  property, 
but  this  is  not  always  the  case.  While  making  an  appraisal  re- 
cently the  author  found  that  the  rule  of  the  locality  was  to  collect 
the  amount  of  tax  upon  80  per  cent  of  the  full  value,  while  the 
tax  rate  was  $18  per  thousand  upon  a  fair  valuation. 

14  It  is  obviously  immaterial  what  the  basis  of  valuation  is  if 
it  is  uniform  as  to  all  property  within  the  territory,  or  as  to  the 
class  of  subjects  upon  which  the  tax  is  laid.  This  is  recognized 
in  the  requirements  of  state  constitutions  that  taxation  shall  be 
uniform  upon  the  same  class  of  subjects  within  the  territorial 
limits  of  the  authority  imposing  it.  Thus,  if  all  the  property  in 
the  state  were  valued  on  the  same  basis  it  would  be  immaterial 
to  the  individual  tax  payer  whether  he  paid  1  per  cent  on  a  val- 
uation of  $1,  or  2  per  cent  on  a  valuation  of  50  cents.  If  there 
was  no  general  property  tax  levied  by  the  state,  based  upon  val- 
uation, it  would  make  no  difference  Avhether  property  in  one 
town  or  count}'  was  valued  on  a  higher  basis  than  property  in 
another.  But  within  the  territory  Avherein  the  tax  is  levied,  in- 
equality of  taxation  results  as  certainly  from  inequality  of  val- 
uation as  from  inequality  in  tax  rate.  The  failure  to  recognize 
this  fundamental  principle  in  taxation  can  result  only  in  mis- 
leading comparisons. 

15  It  has  been  held  by  the  courts  that  the  evidence  of  the  val- 
uation of  other  properties  is  admissible  as  a  possible  assistance 
in  determining  the  cash  value  of  the  property  in  question,  when 
the  cash  value  and  not  the  proportionate  value  is  the  point  in 
issue. 

16  Stock  market  quotations  of  the  company's  securities  may 
be  considered  because  the  stock  and  indebtedness  represent  the 
property.  But  they  are  not  to  be  regarded  as  conclusive  stand- 
ards or  tests  of  value.  In  the  language  of  the  United  States 
Supreme  Court  such  quotations  represent  the  faith  which  a  pur- 
chaser of  stock  in  such  a  company  has  in  the  ability  with  which 
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the  company  will  be  managed,  and  in  the  capacity  to  make  future 
earnings.  Whether  it  is  well  or  ill  founded,  is  but  a  matter  of 
opinion.  While  the  value  of  the  property  is  one  of  the  material 
facts  going  to  make  up  the  market  value  of  the  stock,  it  is  not  the 
sole  one.  Speculation  has  been  known  to  exercise  a  potent  in- 
fluence on  the  market  price  of  stock.  But  assessors  can  use  this 
as  evidence  of  value. 

17  Capitalized  net  earnings  as  a  means  to  determine  the  fair 
cash  value  of  public  utility,  or  quasi  public  corporations,  includ- 
ing the  stock,  franchise  and  tangible  property,  has  been  allowed 
by  the  court.  The  basis  of  the  valuation  was  taken  as  the  net 
earnings  for  the  year,  which  did  not  appear  to  be  an  exceptional 
one,  and  capitalized  at  G  per  cent;  this  ratio  being  adopted  in  a 
special  case,  is  the  rate  adopted  in  states  where  assessments  were 
made  upon  the  basis  of  net  earnings. 

18  The  court  also  said  that  this  rate  was  less  than  some  ad- 
vanced advocates  of  municipal  ownership  were  willing  to  guar- 
antee to  investors  in  securities  of  this  character,  but  it  was 
deemed  justifiable  by  the  considerations  that  attended  the  real 
investor's  purchase  of  stock.  To  the  value  of  the  stock  and  fran- 
chises determined  by  capitalization  of  net  earnings  was  added 
the  value  of  the  tangible  propert3^  In  a  case  where  there  were 
no  net  earnings,  but  an  apparent  loss,  the  court  said  there  was 
no  basis  upon  which  to  assess  the  stock  above  the  value  of  the 
tangible  property. 

INSURANCE   VALUE 

19  In  cases  of  personal  property  the  measure  of  damages  for 
loss  of  the  insured  property  is  its  market  value  at  the  time  and 
place  where  the  loss  occurred,  within  the  amount  named  in  the 
policy.  In  the  case  of  damage  to  an  insured  building,  the  rule  is 
indemnification  to  the  owner,  not  exceeding  the  sum  insured.  The 
question  is  not  what  someone  would  have  paid  for  the  building, 
but  what  amount  will  indemnify  the  insured  for  the  loss  sus- 
tained. 

20  Where  goods  are  insured  the  insurer  is  boiind  to  pay  theiij 
value  at  the  time  of  loss,  where  damaged  only  he  is  bound  to  pay 
the  difference  between  the  value  in  the  sound  and  damaged  con- 
dition. Market  value,  and  not  local  or  peculiar  value  must  con- 
trol. 

21  In  the  case  of  the  destruction  of  a  building,  where  the  policy 
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is  not  valued,  the  damage  would  be  the  value  of  the  property  as  it 
stood  upon  tlie  ground  the  day  it  was  destroyed.  If  the  building 
was  old  and  dilapidated  by  use  and  decay,  its  value  in  that  con- 
dition should  be  the  ground  of  recovery.  If  the  policy  stipu- 
lates that  the  cash  value  of  the  property  destroyed  or  damaged 
shall  not  exceed  the  cost  of  rebuilding  it,  and  in  case  of  damages 
from  use  or  otherAvise  that  a  suitable  deduction  shall  be  made 
from  the  cost  of  repair,  the  measure  of  damages  is  the  cost  of 
repairs,  if  thereby  the  property  is  rendered  as  valuable  as  before. 
If  less  valuable  than  before,  then  the  difference  must  be  added  to 
the  cost;  if  more  valuable,  it  must  be  deducted. 

22  Under  the  laws  of  Massachusetts,  no  insurance  company 
shall  knowingly  issue  any  fire  insurance  policy  upon  property 
within  the  Conunonwealth  for  an  amount  which,  with  any  exist- 
ing insurance  thereon,  exceeds  the  fair  cash  value  of  the  property, 
nor  for  a  longer  term  than  seven  years.  If  the  buildings  insured 
against  loss  by  fire  are  totally  destroyed  by  fire,  the  company 
shall  not  be  liable  beyond  the  actual  value  of  the  insured  prop- 
erty at  the  time  of  the  loss  or  damage. 

FAIR    CASH    VALUE 

23  Fair  cash  value  is  defined  as  being  the  price  a  willing  seller 
would  accept  from  a  willing  purchaser,  without  any  undue  ad- 
vantage to  either  party. 

24  The  influences  which  affect  the  salable  values  of  property 
are  variable  and  often  complicated.  It  has  been  said  that  differ- 
ences between  assessors  on  questions  of  valuation  of  the  same  class 
of  propert}^  are  no  greater  than  frequently  arise  between  wit- 
nesses in  a  trial  on  questions  of  value.  There  is  no  certain,  def- 
inite standard  of  values  excepting  that  of  money  and  standard 
marketable  articles.  Many  influences,  tangible  and  intangible, 
affect  the  salable  value  of  property,  real  and  personal,  both  in 
city  and  country,  so  as  to  make  its  real  valuation  a  work  of  great 
difficulty,  resulting  in  inevitable  inequalities.  Mere  mistake  in 
judgment  is  no  discrimination. 

25  The  Massachusetts  rule  is  that  the  fair  cash  value  is  deter- 
mined upon  the  basis  of  a  willing  seller  and  a  willing  purchaser. 

26  In  New  Jersey  the  rule  has  been  stated  as  being  the  ordi- 
nary selling  and  buying  price  for  cash  at  the  time,  irrespective 
of  the  actual  cost  of  the  property,  the  amount  it  would  realize  at 
a  public  sale  being  a  good  criterion.     This  rule  would  seem  to 
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admit  of  the  possibility  of  some  undue  advantage  to  tlie  pur- 
chaser, as  a  public  sale  might  not  always  be  a  willing  sale  on  the 
part  of  the  vendor.  On  the  other  hand,  the  reason  for  the  rule 
suggesting  public  sale  as  a  criterion  for  establishing  values  is 
undoubtedl}'  based  upon  the  possibility  of  inflating  values  for 
some  reasons,  or  discounting  them  for  other  reasons ;  also  for  the 
purpose  of  lending  aid  to  a  uniform  and  equal  basis  of  valua- 
tion on  the  ground  that  the  records  of  such  sales  of  property  of 
the  same  class,  within  the  territorial  limits,  Avill  be  available  to 
form  a  standard  of  comparison. 

27  The  Massachusetts  rule  employing  the  words  willing  seller 
and  willing  purchaser  implies  the  status  of  equality  between  the 
parties  which  is  not  in  the  nature  of  a  forced  sale.  In  a  case 
where  a  manufacturing  property  was  sold  at  public  auction,  on 
account  of  the  owner's  personal  wish  to  sell  the  property,  there 
is  the  fact  of  a  willing  sale  to  the  purchasers,  who  paid  about 
one-quarter  of  the  appraised  value  of  the  property,  as  tangible 
property.  If  the  sale  had  been  made  under  legal  process,  by 
order  of  the  court,  it  would  have  been  a  forced  sale,  even  though 
the  purchase  price  paid  was  the  same.  The  price  paid  under 
the  circumstances  may  be  held  as  not  representing  the  fair  cash 
value.  The  sale  can  be  said  to  more  closely  resemble  a  sacrifice 
by  the  owner. 

COMMERCIAL  VALUE 

28  The  commercial  value  is  the  estimated  worth  of  property 
placed  upon  it  as  a  business  proposition,  the  chief  considerations 
being  the  earning  capacity  of  the  plant  and  the  amount  of  profit 
to  be  derived  from  it,  both  present  and  prospective.  Involved  in 
these  considerations  are  location,  facilities  for  receiving  and  ship- 
ping goods,  available  supply  of  help,  management  and  reputa- 
tion. 

29  This  value  is  to  be  determined  b}^  a  proper  capitalization 
of  the  earnings,  which  for  manufacturing  properties  will  fairly 
represent  the  market  value  of  the  property.  It  is  evident  that,  as 
to  the  owners  of  a  prosperous  industry,  the  commercial  value  may 
be  above  the  market  value  of  property  of  the  same  class,  also  that 
some  industry  may  be  below  the  n^arket  value  of  property  of  the 
same  class.  The  method  of  management  may  have  the  weight  of 
influence  to  determine  the  commercial  value  in  some  cases,  or  a 
peculiarly  favorable  market  for  the  product.  These  reasons  are 
largely  of  local  value  rather  than  of  general  value.    In  the  case 
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of  poor  management  there  is  a  factor  that  can  usually  be  rem- 
edied. In  the  case  of  a  peculiarly  favorable  market,  the  influ- 
ence of  competition,  or  the  changes  in  fashion,  will  in  time  level 
the  particular  advantages  accruing  to  the  individual  plant. 

30  Industries  may  be  so  located  as  to  in\'olve  the  expenditure 
of  a  larger  amount  of  money  in  the  establishment  of  their  tangi- 
ble property  than  other  plants  more  favorably  located,  owing  to 
some  particular  advantage  gained  at  the  time  of  their  inception. 
With  the  advent  of  new  inventions  and  improved  methods,  the 
reason  for  having  the  plant  in  such  a  locality  has  passed  away. 
Conditions  and  environment  may  result  in  larger  operating  ex- 
penses reducing  the  profit.  As  a  business  proposition  the  value 
of  the  tangible  property  can  be  no  greater  than  that  of  other 
plants  of  the  same  class  more  favorably  located  and  costing  less; 
and  their  commercial  value  should  be  determined  by  an  amount 
equivalent  to  the  charge  upon  the  profits  owing  to  the  unfavor- 
able conditions.  This  is  illustrated  by  many  cases  wdiere  plants 
have  been  located  in  out-of-the-way  places  to  take  advantage  of 
some  water  power.  With  the  advent  and  increased  use  of  elec- 
tricity, with  the  growth  of  the  plant  beyond  the  capacity  of  the 
water  power,  with  a  growing  scarcity  of  help,  and  with  a  more 
favorable  locus  for  producing  the  same  kind  of  goods  in  other 
places,  these  plants  have  been  forced  to  suffer  loss  and  prestige. 

31  In  valuing  industrial  property  for  tax  assessment,  insur- 
ance indemnity  or  for  sale,  the  commercial  value  is  the  leading 
consideration,  as  upon  it  would  depend  the  attitude  of  the  pur- 
chaser towards  the  seller.  In  determining  the  value  of  property 
upon  the  basis  of  net  earnings  or  profits  the  amount  to  charge  off 
against  the  tangible  property  would  be  the  extra  expenses  in- 
volved in  manufacturing  the  product  that  could  be  saved  if  the 
plant  was  working  under  favorable  circumstances.  This  would 
not  necessarily  affect  the  value  of  the  collateral  intangible  or  in- 
corporeal property,  except  in  so  far  as  the  loss  of  profit  might 
affect  the  sale  of  the  stock,  which  might  also  be  affected  by  loss 
of  profit  due  to  poor  management.  While  poor  management 
may  have  a  very  material  affect  upon  the  commercial  value  of  an 
industry,  it  is  subject  to  correction,  and  the  result  of  poor  man- 
agement may  be  felt  for  some  time  after  the  cause  has  been  re- 
moved. It  is  not  inherent  in  the  property  the  same  as  unfavor- 
able location,  the  betterment  of  which  would  mean  the  removal  of 
the  plant. 
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32  In  valuing  the  tangible  property,  its  adaptability  for  other 
uses  is  to  be  considered.  This  involves  the  amount  of  capital 
which  must  be  expended  to  put  the  property  into  a  proper  con- 
dition to  carry  on  the  business  for  which  it  may  be  purchased. 
In  the  event  of  carrying  on  the  same  class  of  business  the  ques- 
tion of  the  economical  organization  of  the  plant,  as  compared 
with  other  well  arranged  plants  entering  into  competition  would 
be  involved. 

33  The  uniform  and  equal  valuation  of  textile,  and  other  in- 
dustrial property  and  power  plants  should  by  this  time  be  well 
within  the  range  of  possibility,  and  no  one  should  be  any  better 
able  to  make  fair  and  unprejudiced  appraisals  than  the  mechani- 
cal or  industrial  engineer.  There  is  a  sufficient  amount  of  infor- 
mation at  hand  true  to  the  facts  of  cost,  both  for  installing  plants 
and  for  operating  them,  covering  all  classes,  especially  of  the 
textile  industries.  The  engineei',  who  has  made  certain  industries 
a  specialty  in  all  of  the  processes  of  mechanical  organization, 
cost  of  establishing,  and  cost  of  operation,  should  be  better  quali- 
fied than  any  other  man  to  act  as  an  expert  in  such  valuations. 
He  has  a  broad  field  from  which  to  gather  his  information  and  a 
larger  opportunity  to  view  the  various  grades  of  the  same  classes 
of  industry.  The  ethics  of  his  profession  should  lead  him  to  be 
an  unprejudiced  witness  before  the  court.  The  theory  upon 
which  the  expert  witness  is  allowed  to  testify  is  that  he  can  assist 
the  court  to  arrive  at  a  just  decision  between  the  parties  in  a  con- 
troversy, owing  to  his  superior  loiowledge  and  experiences.  His 
evidence  should  be  free  from  the  taint  of  partisanship,  and  he 
should  stand  before  the  court  in  the  same  attitude  as  an  attorney, 
representing  his  client,  but  serving  the  court.  The  expert  witness 
is  the  only  one  allowed  to  give  opinion  evidence,  on  the  theory  of 
his  special  qualification. 

34  No  valuation  can  be  made  without  taking  into  account  the 
depreciation. 

DEPRECIATION 

35  Depreciation  is  the  falling  off  in  value.  Physical  depre- 
ciation refers  particularly  to  the  lessening  value  of  material 
things,  due  to  age  and  wear,  and  improvements  in  the  mechanical 
arts.  Everything  of  substance  has  some  intrinsic  value,  however 
small. 

36  There  are  several   methods   of  computing   depreciation; 
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some  are  represented  diagnuiiiiiiitically  by  curved  lines,  others  by 
straight  lines,  all  of  whicli  methods  show  some  variations,  but 
any  method  adopted  may  be  only  approximately  correct.  Depre- 
ciation begins  at  once,  however  small,  and  the  actual  process  will 
not  proceed  very  far  before  the  work  of  maintenance  begins. 
Whatever  the  method  or  rate  of  computing  the  depreciation,  if  it 
is  sufficient  to  meet  the  conditions  its  relative  accuracy  is  near 
enough  to  the  truth  for  all  practical  purposes.  Then  it  is  logi- 
cal to  utilize  the  simplest  form  of  diagram  to  represent  the  loss, 
which  is  the  straight  line  computed  on  the  original  cost,  or  the 
replacement  cost  if  new  at  the  time  of  making  a  Aaluation  of 
property. 

37  While  it  is  not  the  purpose  to  discuss  the  several  methods 
of  computing  the  depreciation  here,  as  these  discussions  may  be 
read  elsewhere,  the  rate  of  depreciation  may  be  briefly  considered. 

38  While  the  rate  of  depreciation  will  vary  with  materials 
and  circumstances,  it  may  be  possible  to  determine  a  fairly  con- 
stant rate  applicable  to  property  of  the  same  class,  used  under 
similar  conditions  and  subject  to  the  same  general  care  and  main- 
tenance. In  the  case  of  the  Chicago  Union  Traction  Company  vs. 
State  Board  of  Equalization,  114  Fed.  Rep.  557,  it  was  held  that 
an  annual  reduction  equal  to  G  per  cent  of  the  current  value  of 
cars,  tracks  and  machinery  was  not  excessive  as  the  allowance 
for  current  depreciation. 

39  In  the  textile  industries,  plants  may  be  grouped  together 
in  classes,  each  class  being  sul)ject  to  the  same  economic  condi- 
tions. In  the  cotton  industry,  plants  may  be  classified  as  duck 
mills,  course  sheeting  mills  based  on  a  standard  weight  of  cloth 
containing  thi-ee  yards  to  the  pouiul,  medium  weight  goods  mills 
based  on  a  standard  of  four  yards  of  cloth  to  the  pound,  print 
goods  mills,  making  goods  for  the  general  household  trade,  and 
fine  goods  mills.  The  mills  of  each  class  enter  the  market  to  sell 
their  product  in  competition  with  the  other  mills  of  the  same 
class.  Each  mill  of  the  same  class  must  strive  for  the  highest 
efficiency  in  order  to  compete  successfully  with  the  others,  and 
these  conditions  have  led  to  a  highly  scientific  development  of 
the  industry.  In  the  woolen  and  worsted  trade,  the  same  highly 
efficient  physical  organization  is  being  wrought  out,  until  it  seems 
as  if  there  can  not  be  any  very  radical  changes  in  the  methods 
or  general  types  of  machines  used  in  the  process  of  manufacture. 

40  In  all  mechanical  and  industrial  processes  the  same  laws  of 
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growth  and  development  are  as  potent  as  are  the  laws  of  evolu- 
tion in  the  natural  growth  and  development  of  the  physical 
world.  The  very  nature  of  the  materials  we  have  had  to  convert 
into  a  marketable  product  for  our  use  has  indicated  the  lines  of 
development  for  the  mechanisms  of  our  industrial  processes. 
Many  improvements  are  yet  to  be  made  and  perfected. 

41  One  of  the  most  notable  developments  and  advancements 
in  the  art  in  recent  years  is  the  advent  and  successful  operation 
of  the  steam  turbine,  and  prior  to  it  the  introduction  and  develop- 
ment of  electricity  for  all  purposes.  One  of  the  greatest  develop- 
ments yet  to  come  is  the  method  of  generating  heat  without  coal. 

42  A  statement  was  recently  made  that  no  great  advancement 
has  been  made  in  the  cotton  industry  for  about  forty  years.  This 
is  a  cause  for  surprise  and  some  inquiry.  The  period  from  1870 
to  1880  appears  to  mark  the  beginning  in  improved  modern  build- 
ings, better  lighted  rooms,  better  fire  resisting  construction,  more 
economical  arrangements  of  plants  generally.  The  decade  from 
1880  to  1890  appears  to  have  been  the  period  of  increase  of  the 
product  of  machinery  and  of  a  higher  efficiency  of  the  plant  gen- 
erally. The  decade  from  1890  to  1900  appears  to  have  been  the 
time  for  introducing  better  organized  plants,  of  giving  more  at- 
tention to  the  welfare  of  the  employees  and  tending  to  raise  the 
standard  of  quality  generally.  The  last  decade  has  witnessed  the 
introduction  and  successful  operation  of  electricity  generally,  bet- 
ter appointed  power  plants,  more  efficient  machinery  and  build- 
ings, and  the  study  into  the  question  of  more  efficient  work  people. 

43  In  the  decade  from  1870  to  1880  the  average  speed  of  the 
front  roll  of  spinning  frames  on  print  goods  numbers  was  64 
r.p.m.,  the  average  product  being  about  0.80  lb.  in  60  hours.  To- 
day the  average  speed  of  the  front  roll  for  the  same  numbers  of 
yarn  is  122  r.p.m.,  with  the  average  product  of  1.44  lb.  per  spin- 
dle in  60  hours,  an  average  increase  of  80  per  cent  per  spindle, 
with  an  infinitely  better  quality  of  yarn.  The  product  of  looms 
has  increased  from  an  average  of  about  27  lb.  per  week  to  an 
average  of  44  lb.  per  week  on  print  goods.  Forty  years  ago  the 
average  product  per  week  gross  floor  area  was  about  1  lb.  of  cloth 
to  7.25  sq.  ft.,  while  today  in  modern  mills  the  average  product  is 
about  1  lb.  of  cloth  per  week  to  3.5  sq.  ft.  for  a  week  of  60  hours. 
These  results  have  been  calculated  from  the  records  of  a  number 
of  mills  of  the  earlier  period  and  compared  with  what  is  seen  in 
practice  today.     The  increased  product  of  machinery  may  show 
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a  greater  ratio  than  the  increase  per  square  foot  of  floor  area  for 
the  reason  that  in  our  modern  mills  more  alley  room  is  allowed 
around  the  machinery,  spinning  frames  are  wider  and  built  to  a 
larger  gage  than  in  the  earlier  days,  looms  are  larger  and  heavier 
for  the  same  width  of  cloth.  There  is  a  saving  in  the  card  room, 
as  the  revolving  fiat  cards  used  today  occupy  less  room  than  the 
double  system  of  flat  top  cards  used  years  ago,  and  a  large  in- 
crease in  weaving,  due  to  the  use  of  automatic  looms. 

44  Within  the  last  ten  years  there  have  been  some  marked  im- 
provements in  the  building  of  machinery.  It  is  built  more  strong- 
ly, on  better  lines,  and  is  more  rugged.  This  is  quite  apparent  in 
the  case  of  some  steam  engines,  as  compared  with  earlier  types. 

45  As  to  the  depreciation  rate  to  charge  off  against  machinery 
in  the  case  of  textile  machinery,  it  is  a  common  thing  to  find 
groups  of  the  same  kind  of  machines  in  a  mill  varying  in  age 
from  fifteen  to  eighteen  years;  sometimes  one  sees  a  group  of 
machines  over  twenty  years  old,  and  it  is  not  uncommon  to  see 
single  machines  from  thirty-six  to  forty  years  old.  As  a  rule  it 
would  be  beneficial  to  the  organization  to  dispense  with  these  old 
machines.  The  writer  visited  a  mill  sometime  ago  where  there 
were  some  old  roving  frames  and  was  told  by  the  agent  that  it 
was  more  economical  to  let  the  old  frames  remain  idle  than  to 
try  to  run  them.  It  is  short-sighted  policy  that  keeps  such  old 
machines  out  of  the  junk  heap. 

46  By  the  time  spinning  frames  reach  the  age  of  fifteen  years 
they  usually  begin  to  require  more  extensive  overhauling  than 
ordinary  repairs.  The  writer  has  known  frames  of  about  this 
age  to  require  such  thorough  refitting  that  the  standards  were 
about  all  that  was  left  of  the  original  machine. 

47  During  the  recent  investigation  by  the  tariff  board  ap- 
pointed by  the  President  of  the  United  States,  some  rather  in- 
teresting data  were  obtained  regarding  length  of  time  machinery 
has  been  used  in  worsted  and  woolen  mills,  not  necessarily  indi- 
cative of  the  rate  of  depreciation  of  such  machinery,  although 
certain  inferences  may  be  drawn.  Some  of  these  data  are  given 
in  Tables  1-5. 

48  There  is  nothing  in  any  of  the  tables  given  to  show  the  age 
of  any  of  the  individual  plants  from  which  these  lists  were  made 
up,  so  that  no  allowance  can  be  made  for  new  industries  starting 
up  within  the  last  ten  years,  but  between  the  ten  and  twenty  year 
period  there  is  about  the  same  ratio  for  each  period  of  five  years. 
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and  after  this  period  the  amount  of  machinery  that  has  been  in 
operation  is  relatively  small. 

49     From  personal  observation  among  a  large  number  of  tex- 
tile mills  the  average  rate  of  depreciation  appears  to  follow  along 

TABLE  1    YEARS  IN  OPERATION  OF  WORSTED  MACHINERY,  BRADFORD  SYSTEM 


Scouring 

Carding 

Combing 

Gilling 

Drawing 

No. 

Per 

Cent 

No. 

Per 
Cent 

No. 

Per 
Cent 

No. 

Per 

Cent 

No. 

Per 
Cent 

11 
26 

17 
5 
5 
2 

1 

16.4 
38.8 
25.3 
7.5 
7.5 
3.0 
1.5 

173 
143 
76 
61 
155 
31 
19 

26.3 

21.7 

11.5 

9.3 

23.6 

4.7 

2.9 

53 
136 
18 
46 
43 
47 
37 

14.0 
35.8 

4.7 
12.1 
11.3 
12.4 

9.7 

137 
214 
68 
66 
116 
71 
67 

18.5 
29.0 
9.2 
8.9 
15.7 
9.6 
9.1 

797 
628 
126 
434 
92 
214 
129 

32  9 

5  years  but  less  than  10  years. 
10  years  but  less  than  15  years 
15  years  but  less  than  20  years 
20  years  but  less  than  25  years 
25  years  but  less  than  30  years 

26.0 
5.2 

17.9 
3.8 
8.9 
5  3 

67 

100 

658 

100 

380 

100 

757 

100 

12,500 

100 

TABLE   2 


YEARS   IN  OPERATION   OF  WORSTED   MACHINERY,   SPINNING  AND 
WEAVING 


Less  than  5  years 

5  years  but  less  than  10  years. 
10  years  but  less  than  15  years 
15  years  but  less  than  20  years 
20  years  but  less  than  25  years 
25  years  but  less  than  30  years 
30  years  and  over 

Total  machines 


Mules 


No. 


92 
121 

12 

34 
100 

11 
0 


370 


Per 
Cent 


24.9 

32.7 

3.2 

9.2 

27.0 

3.0 

0 


100 


Frames 


No. 


273 
559 
109 
76 
98 
116 
115 


1346 


Per 
Cent 


20.3 
41.5 
8.1 
5.6 
7.3 
8.6 
8.6 


Looms* 


No. 


4125 
1244 
2009 
2072 
2053 
396 
438 


100       12,337 


Per 
Cent 


33.4 
10.0 
16.3 
16.8 
16.7 
3.2 
3.6 


100 


♦  Includes  all  looms  for  both  worsted  and  woolen  mills. 


these  general  lines.  Up  to  about  fourteen  years  of  use  the  machin- 
ery contains  practically  the  original  parts  with  which  it  was  fur- 
nished, subject  to  the  ordinary  repairs  that  an  economical  mill 
will  keep  up.     Of  course  accidents  or  some  unlooked-for  event 
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TABLE  3     YEARS  IN  OPERATION  OF  WOOLEN  MACHINERY 


Cards 

Mules 

No. 

Per  Cent 

No. 

Per  Cent 

40 
62 
68 
16 
36 
32 
165 

9.6 

14.8 

16.2 

3.8 

8.6 

7.6 

39.4 

47 
204 
143 
72 
47 
53 
22 

8.0 

34.7 

24.3 

15  years  but  less  than  20  years 

20  years  but  less  than  25  years 

25  years  but  less  than  30  years 

12.3 
8.0 
9.0 
3.7 

433 

100 

588 

100 

TABLE  4 


RELATION  BETWEEN  DOMESTIC  AND  FOREIGN  MADE  MACHINERY, 
GIVING  THE  NUMBER   OF  MACHINES    IN  PLANTS   LISTED 


Country- 

Scouring 

Cards 

Combs 

Gills 

Drawing 

Spinning 

Looms 

United  States     

37 

18 

7 

5 

730 

271 

90 

0 

57 
323 

225 
22 

37 

210 

90 

32 

273 

2488 

192 

36 

617 

1486 

195 

6 

9517 

2713 

Germany 

107 

Total 

67 

1091 

627 

369 

2989 

2204 

11337 

TABLE  5    AVERAGE  YEARS  IN  OPERATION  OF  WORSTED  MACHINERY  LISTED 

IN  TABLES  1  AND  2 


Years  in  Operation 


Less  than  5-  years 

5  years  but  less  than  10  year?. 
10  years  but  less  than  15  years, 
15  years  but  less  than  20  years, 
20  yours  but  loss  than  25  years, 
25  years  but  less  than  30  years 
30  years  and  over 


Average  Per  Cent  of  Total  Machinery 


26 
29 
10 
11 
13 
6 
5 
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may  happen  to  a  machine  to  cause  some  extraordinary  expense. 
From  the  tenth  to  the  fifteenth  year  there  is  likely  to  be  some 
very  general  overhauling  of  the  machinery,  renewal  of  vital 
parts,  and  perhaps  the  substitution  of  one  or  more  machines  in  a 
group  of  similar  machines.  The  whole  organization  is  toned  up 
generall3^  Conditions  will  run  along  for  the  next  ten  years  or 
so  under  the  ordinary  mill  care  when  there  begins  to  be  a  very 
general  reorganization  of  the  plant. 

50  The  inference  might  be  drawn  from  Tables  1-5  that  the 
general,  or  average,  depreciation  may  follow  the  results  shown, 
and  this  does  not  seem  an  unreasonable,  although  it  may  not  be 
the  true  conclusion.  Assuming  that  the  inference  is  approxi- 
mately true,  it  seems  that  a  depreciation  annuit}'^  of  6  per  cent 
on  the  cost  of  the  machinery  is  not  too  much  to  set  aside  in  order 
to  provide  a  proper  and  conservative  amount  with  which  to  re- 
place textile  machinery.  This  would  allow  for  a  partial  replace- 
ment at  the  end  of  the  15  year  period,  and  a  general  renewal  of 
the  plant  at  the  end  of  25  years.  If  the  plant  is  in  a  good  condi- 
tion at  the  end  of  25  years  and  can  continue  to  operate  for  a  few 
years  longer,  the  gain  is  so  much  greater. 

51  Industrial  buildings  are  planned  for  certain  specific  pur- 
poses. The  organization  of  the  plant  is  first  worked  out,  the  de- 
partments arranged  most  economically,  then  the  walls  and  roof 
put  over  the  whole. 

52  Under  proper  conditions,  buildings  will  last  for  hundreds 
of  years,  but  with  factory  buildings,  the  conditions  are  such  that 
it  is  not  expected  to  have  a  building  last  much  beyond  a  certain 
limited  time,  owing  to  the  change  in  methods.  It  is  noticeable, 
however,  that  the  buildings  for  manufacturing  purposes  of  re- 
cent years  are  more  substantially  built  than  they  were  50  years 
ago. 

53  In  looking  over  the  records  of  existing  textile  industries, 
buildings  in  use  which  are  over  50  years  old  are  not  very  numer- 
ous; there  is  a  larger  number  of  those  40  years  old,  and  a  rapidly 
increasing  number  in  comparison  as  the  age  diminishes.  The  old 
buildings  are  wholly  unsuited  for  modern  practice.  In  fact, 
many  buildings  built  25  years  ago  are  not  suitable  for  a  proper 
arrangement  of  modern  machinery. 

54  With  more  rugged  and  better  built  machinery  and  stronger 
and  better  made  buildings  it  is  possible  that  the  depreciation  will 
not  be  so  rapid  as  it  has  been  in  the  past.    To  a  very  large  extent 
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depreciation  is  due  more  to  rapid  advance  in  the  mechanical  arts 
than  to  age  and  Avoar.  The  proper  maintenance  of  a  plant  can 
retard  the  depreciation  due  to  age  and  wear  very  materially. 
Depreciation  due  to  advance  in  the  arts  is,  in  the  author's  opinion, 
one  of  the  essential  factors  to  be  considered  in  the  use  of  rein- 
forced concrete  buildings,  as  this  type  of  building  is  not  so 
readily  adapted  to  be  modified  or  changed  over  to  meet  new 
condititms  as  is  the  regular  mill  construction  type.  It  may  be, 
however,  that  radical  changes  are  not  so  likely  to  come  in  the 
future  as  they  have  been  in  the  past,  but  this  seems  a  short- 
sighted view. 

55  In  depreciating  factory  buildings,  a  rate  of  about  2  per 
cent  a  year  does  not  seeui  excessive,  compared  with  the  useful 
life  of  the  older  type  of  building,  Avhile  about  1  per  cent  a  year 
may  be  large  enough  to  allow  for  the  depreciation  of  the  modern 
buildings. 

56  In  making  up  valuations  of  textile  plants  the  physical  de- 
preciation for  the  preparatory,  spinning  and  weaving  machinery 
should  be  taken  at  about  4  per  cent  a  year,  while  for  d^^e-house 
and  wet-finishing  machinery  the  wooden  parts  of  machinery 
have  to  be  entirely  renewed  on  an  average  of  every  five  years,  so 
that  the  depreciation  on  these  machines  after  three  years  is  very 
nearly  a  constant  rate  for  a  going  concern,  and  can  be  taken  at 
about  25  per  cent  of  the  replacement  cost. 

CAPITALIZATION 

57  To  capitalize  is  to  convert  an  income,  annuity,  etc.,  into 
a  single  payment  or  an  equivalent  capital  sum. 

58  Under  the  sul)ject  of  capitalization  we  must  take  into  ac- 
count what  is  included  in  the  fixed  charges  on  the  plant.  It  is  a 
A'ery  easy  thing  in  handling  capitalized  values  not  to  include  some 
element  in  the  calculations  that  belongs  there  and  so  raise  false 
values,  or  vice  versa. 

59  The  fixed  charges  usually  include  taxes,  insurance  and  in- 
terest on  current  liabilities.  The  factoi-s  subject  to  capitalization 
are  the  annuities  for  depreciation,  the  annuities  to  discharge  the 
funded  debt  and  a  fair  profit  to  be  derived  from  the  enterprise. 

60  The  rate  of  capitalization  is  not  always  easily  determined 
and  may  vary  under  varying  circumstances  for  the  same  class  of 
property. 

61  In  uiaking  up  the  commercial  valuation  of  the  railway 
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operating  property  of  the  United  States  in  1904  the  rates  of  cap- 
italization vary  from  about  S^A  per  cent  to  about  10  per  cent 
based  on  the  net  earnings  of  the  railroads,  and  the  total  of  these 
capital  amounts  represented  the  wealth  of  the  railroad  property 
in  this  country  at  that  time.  The  whole  subject  is  discussed  in 
Bulletin  21,  Bureau  of  the  Census. 

62  In  determining  the  rate  of  capitalization  of  values  for  in- 
dustrial properties.  Table  6  shows  the  factors  which  may  be 
taken.  The  table  is  based  on  the  assumption  that  the  economic 
life  of  buildings  is  50  years,  and  that  the  annuities  are  invested 
to  earn  a  return  of  4  per  cent  compound  interest,  the  buildings 

TABLE  6      FACTORS  IN  DETERMINING  RATE  OF  CAPITALIZATION 


Annuities 

Percentage  of  Contributions 

1 

Buildings  depreciated  at  2%  a  year 

0.25 
1.50 

1.12 
10.00 

0.25 

2.10 

1.12 
10.00 

0  25 

2 
3 

Machinery  depreciated  at  4%  a  year 

Machinery  depreciated  8t  5%  a  year 

4 
5 
6 

Machinery  depreciated  at  6%  a  year 

Annuity  to  discharge  funded  debt,  say 

2.65 

1.12 

10.00 

Total 

12.87 

13.47 

14.02 

being  about  three-eighths  and  the  machinery  about  five-eighths 
of  the  cost  of  the  tangible  property. 

63  As  the  plant  grows  old  and  improvements  are  made  in 
methods  and  efficiency  the  net  profit  will  decrease.  Assuming 
this  decrease  to  follow  at  about  the  same  rate  as  the  average  phys- 
ical depreciation  of  the  property,  there  will  come  a  time  when  it 
will  cease,  unless  proper  precaution  is  taken  to  provide  a  fund 
large  enough  to  maintain  the  property  by  renewals  from  time  to 
time;  and  the  time  will  always  come  when  some  general  reorgan- 
izing and  renew^als  are  necessary.  It  seems  justifiable  to  take 
the  depreciation  fimd  at  6  per  cent  per  year  of  the  cost  for  tex- 
tile machinery,  and  following  similar  periods  of  usefulness  to 
allow  for  not  only  the  renewals  which  must  be  provided  for  in 
due  course,  but  for  renewals  due  to  improved  and  more  economi- 
cal machinery. 

64  A  gross  income  of  20  per  cent  should  be  conservatively 
assured  from   a  new   industry  not  only   to  cover  the  annuity 
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charges  and  the  profit  expected  to  be  realized  from  year  to  year, 
but  also  the  extra  expenses  of  establishing  the  plant  and  the  risk 
involved  in  floating  the  enterprise. 

65  In  capitalizing  values  the  rate  of  10  per  cent  is  often  used. 
If  this  includes  the  annuity  charges  for  depreciation,  then  the 
allowance  for  the  net  profit  is  only  about  5  per  cent.  If  it  is 
assumed  to  include  the  net  profit  only,  it  is  a  more  conservative 
assumption. 

6G  The  method  of  capitalizing  a  possible  saving  to  an  indus- 
try to  determine  comparative  values  is  often  not  correct,  as  the 
capitalized  values  lead  to  exaggerated  conclusions  which  are 
wrong.  What  percentage  of  saving  could  be  effected  by  compar- 
ing the  costs  of  installation  and  operation  between  two  processes 
should  be  ascertained,  and  the  values  then  determined  from  the 
cost  of  installation.  If  the  saving  amounted  to  15  per  cent,  the 
cost  of  making  a  change  would  be  considered  justifiable;  if  to 
10  per  cent,  the  cost  of  making  the  change  would  not  be  consid- 
ered justifiable,  except  as  modified  by  the  question  of  necessity, 
as  by  the  renewal  of  an  old  plant  under  similar  conditions.  A 
saving  of  10  per  cent  might  warrant  a  change  in  methods.  Thus 
in  ascertaining  comparative  values  by  the  method  of  capitalizing 
possible  savings,  it  would  seem  as  logical  to  use  a  rate  of  15  per 
cent  on  the  basis  of  the  above  reasoning. 

67  A  low  rate  of  capitalization  may  lead  to  exaggerated  and 
wrong  conclusions.  It  is  easy  to  mistake  the  principle  involved, 
and  rate  the  value  of  tangible  property  on  the  negative  side  of 
the  equation.  A  small  variation  in  the  rate  results  in  large  vari- 
ations in  the  values.  The  values  for  tangible  property  should 
always  appear  on  the  positive  side,  as  all  material  property  has 
some  intrinsic  value,  however  small. 

68  As  an  example  of  this  principle  we  will  assume  a  cotton 
mill  equipped  with  500  automatic  looms  and  500  plain  looms. 
The  plant  is  making  a  class  of  goods  where  automatic  looms  can 
be  used  to  advantage.  The  product  of  the  automatic  looms  is 
about  45  lb.  of  cloth  per  week  per  loom,  that  of  the  plain  looms 
about  40  lb.  of  cloth  per  week  per  loom,  or  say  about  1,000,000  lb. 
per  year  for  the  500  plain  looms. 

69  By  using  444  automatic  looms  in  place  of  the  500  plain 
looms  a  net  saving  of  about  I14  cents  per  lb.  of  product  can  be 
made,  or  a  total  yearly  saving  of  1,000,000  X  0.0125  =  $12,500. 
The  cost  of  444  automatic  looms  at  $168  each,  including  installa- 
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tion,  would  be  $74,592,  and  if  we  allow  a  salvage  value  of  $10  per 
loom  for  the  plain  looms  the  net  cost  of  installing  the  automatic 
looms  would  be  $69,592.  A  yearly  saving  of  $12,500  would  be 
about  18  per  cent  of  the  cost  of  installing  automatic  looms,  so  that 
the  mill  would  be  warranted  in  making  the  change. 

70  The  replacement  cost  of  500  plain  looms,  if  new,  would  be 
about  $30,000.  If  we  capitalize  the  saving  of  $12,500  in  favor 
of  automatic  looms  at  the  rate  of  15  per  cent,  the  capital  value 
equals  $83,333.  We  have  already  allowed  a  salvage  value  of 
$5000  for  the  plain  looms  so  it  is  evident  that  the  only  value  of 
the  capitalized  saving  in  favor  of  automatic  looms  to  be  applied 
to  the  plain  looms  is  an  amount  having  the  positive  value  of 
$5000. 

71  Again,  assume  that  the  cost  of  installing  the  automatic 
looms  is  $74,592.  The  replacement  cost  of  the  plain  looms  if  new 
is  about  $30,000,  which  depreciated  for  age  and  wear  is  at  pres- 
ent $5000,  with  no  rebate  by  the  loom  company  as  an  inducement 
for  taking  these  looms  out  and  replacing  them  with  automatic 
looms.  The  gross  cost  chargeable  to  installing  automatic  looms 
would  be  about  $79,592,  including  the  value  of  the  plain  loom, 
and  a  yearly  saving  of  $12,500  would  be  about  16  per  cent  of  this 
cost  in  favor  of  automatic  looms,  which  indicates  that  the  invest- 
ment would  be  warranted. 

72  With  reference  to  the  commercial  value  of  the  plain  looms, 
the  capital  value  of  the  saving  that  could  be  made  by  using  auto- 
matic looms  can  not  be  applied  to  reduce  the  value  of  the  plain 
looms  by  an  amount  equal  to  more  than  their  depreciated  replace- 
ment cost,  as  a  positive  value,  or  $5000. 

73  One  of  the  hardest  experiences  is  to  recuperate  an  old 
plant  after  it  has  been  allowed  to  reach  such  a  state  of  physi- 
cal depreciation  as  to  become  profitless,  and  there  has  been 
no  depreciation  fund  provided  to  take  care  of  future  contingen- 
cies. Such  conditions  are  probably  more  likely  to  occur  in  pri- 
vately owned  industries  than  in  corporations.  There  are  num- 
bers of  cases  where  plants  in  such  a  condition  have  been  taken 
over  and  operated,  but  this  means  the  sinking  of  new  capital. 

74  A  case  coming  under  the  author's  observation  is  that  of  an 
old  mill  which  had  reached  the  limit  of  its  usefulness  as  a  pro- 
ducer. Under  a  proper  management,  the  old  buildings  were 
replaced  by  a  substantial  modern  mill.  During  a  period  of  de- 
pression the  conclusions  as  to  the  wisdom  of  building  a  new  mill 
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were  that  with  the  old  buildings  the  plant  would  have  been 
forced  to  close,  owing  to  the  stress  of  circumstances.  The  light 
was  so  much  l)etter  in  the  new  mill  that  the  goods  formerly  pass- 
ing as  first  quality  in  the  old  mill  were  not  equal  to  the  second 
quality  in  the  new  mill.  Owing  to  trade  conditions,  it  had  been 
necessary  to  cut  wages  of  the  operatives  twice,  yet  with  the  re- 
duced wages  the  best  operatives  were  able  to  earn  more  money 
in  the  new  mill  than  they  had  been  able  to  earn  in  the  old  mill 
before  any  reduction  in  Avages  had  been  made. 

METHOD    OF    VALUING    A    PLANT 

75  In  the  event  of  making  a  valuation  of  property,  the  first 
essential  thing  is  for  the  appraiser  to  go  over  the  property  as  a 
whole,  to  see  how  the  plant  is  arranged,  and  how  the  arrange- 
ment compares  with  other  plants  making  the  same  general  kind 
of  manufactured  product.  This  survey  will  usually  disclose  any 
special  features  that  may  be  unfavorable  to  a  more  economical 
arrangement,  or  where  certain  alterations  might  be  made  with 
benefit  to  the  plant,  as  the  organization  and  arrangement  should 
be  considered  one  of  the  vital  features  in  ascertaining  values. 

76  It  is  not  enough  to  say  that  the  physical  property  of  an 
industry  can  be  replaced  for  a  certain  sum  of  money,  or  that  it 
costs  a  certain  amount  and  is  to  be  valued  at  a  certain  other  sum 
of  money  after  allowing  for  a  certain  depreciation  due  to  age, 
wear,  obsolescence,  etc.  An  investigation  must  be  made  into  the 
Avorking  of  the  plant,  comparing  it  with  other  plants  in  compe- 
tition with  it.    Its  location  must  also  be  considered. 

77  Any  extra  cost  of  operation  that  can  be  eliminated  by  a 
proper  reorganization  must  be  accounted  for  and  set  otf  against 
the  value.  Sometimes  the  cost  of  reorganizing  a  portion  of  the 
plant  is  greater  than  the  expense  of  making  the  change  would 
warrant,  but  the  poor  feature  will  remain  nevertheless  a  detri- 
ment to  the  plant  and  affect  the  value. 

78  Inventories  of  property  can  be  given  by  the  owners  of  the 
plant,  but  these  inventories  should  always  be  checked  up  by  a 
person  familiar  with  the  business,  who  knows  the  process  of  man- 
ufacturing the  goods  produced,  the  machine  used  in  each  process, 
and  how  they  should  be  arranged  in  each  department,  and  who  is 
capable  of  taking  a  birdseye  view  of  the  whole  property  and  see- 
ing it  as  a  working  whole,  as  well  as  segregating  the  several 
parts. 
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79  For  this  reason  the  engineer  who  is  familiar  with  certain 
lines  of  industry  is  better  able  in  general  to  take  an  unprejudiced 
as  well  as  a  more  comprehensive  view  of  the  subject,  owing  to  his 
wider  experience  and  more  special  knowledge  of  engineering 
than  a  person  engaged  in  commercial  lines. 


INCREASE  OF  BORE  OF  HIGH-SPEED  WHEELS 
BY  CENTRIFUGAL  STRESSES 

WITH  FORMULAE  FOR  FORCE  AND  SHRINK  FITS 

By  Sanford  A.  Moss 

ABSTRACT  OF  PAPER 

Unless  proper  precautions  are  taken,  a  high-speed  turbine  wheel  expands  at 
the  hub  a  sufficient  amount  to  cause  an  appreciable  increase  in  the  bore  so  as  to 
make  the  wheel  slightly  loose  upon  the  shaft,  soon  causing  distress. 

There  is  given  in  the  paper  a  general  discussion  of  stresses  in  a  rotating  wheel ; 
a  mathematical  method  for  computation  of  the  increase  in  bore  of  a  rotating 
wheel  due  to  centrifugal  stresses;  an  investigation  of  the  actual  numerical  value 
of  the  increase  of  bore  under  various  practical  conditions;  an  experiment  giving 
an  actual  measurement  of  the  increase  in  bore  of  a  wheel  at  high  speeds,  showing 
close  agreement  with  computed  values;  a  description  of  methods  of  preventing 
damage  due  to  the  increase  of  bore  by  using  large  amounts  of  force  fit;  and  a 
mathematical  treatment  of  force  fits. 

The  increase  of  circumference  of  the  bore  is  proportional  to  the  original  cir- 
cumference and  the  tangential  stress  and  inversely  as  the  modulus  of  elasticity. 
In  the  experiments  the  readings  showed  that  the  bore  expanded  at  each  speed 
an  amount  almost  exactly  equal  to  the  computed  values. 

For  a  wheel  with  12  in.  bore  and  30,000  lb.  maximum  stress,  which  is  per- 
missible with  special  grades  of  steel,  this  increase  of  bore  comes  out  over  0.01 
in.,  which  gives  an  appreciable  loosening  of  the  shaft  fit. 

A  complete  treatment  of  the  subject  of  force  and  shrink  fits  based  on  the 
maximum  shear  law  is  given  for  the  first  time  so  far  as  known. 

When  the  hub  is  in  place  on  the  shaft,  it  is  expanded  by  a  certain  amount 
and  the  shaft  is  also  compressed  by  a  considerable  amount.  The  ratio  of  expan- 
sion of  the  hub  to  the  total  force  fit  is  the  same  for  a  given  wheel  and  shaft 
regardless  of  the  amount  of  the  force  fit.  A  curve  is  given  showing  values  for 
various  cases.  Curves  are  also  given  showing  values  of  radial  stress  at  the  bore 
of  the  hub  which  is  also  the  pressure  between  hub  and  shaft,  and  the  maximum 
effective  stress  at  the  bore  of  the  hub  which  is  usually  the  greatest  stress  in  the 
system.  The  usual  case  of  a  shaft  with  a  comparatively  small  hole  is  practically 
equivalent  to  a  soUd  shaft  for  these  matters. 

For  an  average  case  the  hub  bore  expands  about  0.6  of  the  amount  of  the 
force  fit  and  for  a  force  fit  of  one  mill  per  inch  of  bore  the  radial  stress  is  about 
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13  000  lb.  per  sq.  in.  and  the  effective  tangential  stress  is  about  27,000  lb.  per 
J  in.     For  other  amounts  of  force  fit  the  stresses  are  m  proportion. 

For  the  average  case  above  mentioned  the  pressure  to  force  the  hub  on  the 
shaft  is  about  1560  lb.  per  in.  of  bore  and  per  inch  of  hub  length  for  a  force  fit 
of  one  mill  per  inch  of  bore. 


INCREASE  OF  BORE  OF  HIGH-SPEED  WHEELS 
BY  CENTRIFUGAL  STRESSES 

WITH  FORMULAE  FOR  FORCE  AND  SHRINK  FITS 
By  Sanford  A.  Moss,  West  Lynn,  Mass. 
Member  of  the  Society 

Recent  advances  in  high-speed  steam  turbines  and  the  apparatus 
driven  by  them  have  opened  up  a  great  many  new  problems.  One 
of  these  is  the  fact  that,  under  certain  circumstances,  unless  proper 
precautions  are  taken,  a  high-speed  turbine  wheel,  or  the  like, 
expands  at  the  hub  a  sufficient  amount  to  cause  an  appreciable 
increase  in  the  bore,  so  as  to  make  the  wheel  slightly  loose  upon  the 
shaft  and  capable  of  pounding  back  and  forth.  This  pounding 
causes  a  mechanical  increase  of  the  looseness,  so  that  the  machine 
soon  gives  evidence  of  distress. 

2  So  far  as  the  writer  knows,  the  first  one  to  direct  attention  to 
this  problem,  to  suggest  means  of  investigating  it,  and  to  offer  a 
solution,  was  Richard  H.  Rice,  chief  engineer  of  the  Lynn  works' 
turbine  department,  General  Electric  Company.  The  present  paper 
gives  an  account  of  work  on  the  problem  done  under  the  general 
direction  of  Mr.  Rice  by  various  members  of  his  department. 

COMPUTATION  OF  INCREASE  OF  BORE  OF  A  ROTATING  WHEEL 

NATURE    OF   STRESSES    IN    A   WHEEL    OR   RING 

3  It  is  the  purpose  first  to  give  a  general  account  of  methods  of 
computing  stresses  in  circular  bodies.  When  there  is  rotation  this 
becomes  a  very  intricate  subject  and  details  and  formulae  must  be 
sought  in  works  specially  devoted  to  it. 

4  It  is  assumed  that  the  disk  is  thin,  that  is,  that  the  thickness 
is  negligible  compared  with  its  diameter.  Then  conditions  are  the 
same   at   all   points   on   a   line  parallel  to  the  axis.     This  is  not 
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strictly  true,  as  the  central  part  of  a  hub  is  strained  differently 
than  the  ends.     However,  in  most  cases  this  effect  is  slight. 

5  At  each  radius  in  the  disk  there  are  two  stresses,  one  in  the 
radial  direction  denoted  by  Sr  and  one  in  the  tangential  direction 
denoted  by  St.  If  we  consider  the  effect  of  these  stresses  on  the  metal 
of  a  thin  ring  at  the  interior  of  the  disk,  we  find  the  circumference 
of  the  ring  to  be  increased  mainly  by  virtue  of  the  tangential  stress, 
and  the  thickness  mainly  by  the  radial  stress.  However,  when  a 
metal  is  extended  in  one  direction  by  a  stress  there  is  a  shrinkage 
in  a  direction  at  right  angles,  the  ratio  of  the  deformations  being 
called  "Poisson's  ratio,"  which  we  will  denote  by  V.  For  ordinary 
kinds  of  steel  this  has  a  value  of  0.3.  -  That  is,  the  increase  of  cir- 
cumference of  a  thin  ring  in  the  interior  of  the  disk  is  less  than  that 
which  would  be  produced  by  the  tangential  stressjf  acting  alone, 
by  an  amount  which  is  0.3  of  the  extension  which  would  be  produced 
by  the  radial  stress  acting  alone.  Similarly  the  increase  in  the  thick- 
ness of  the  ring  is  less  than  that  produced  by  the  radial  stress  acting 
alone.  In  any  case,  the  ratio  of  stress  to  extension  per  unit  length 
produced  by  it  if  acting  alone,  is  given  by  the  modulus  of  elasticity 
E,  usually  taken  as  29,000,000  lb.  per  sq.  in.;  or,  if  I  is  the  total 
extension  in  a  distance  L,  we  have  the  well-known  law 

E  =  ^ U] 

I  • 
L 

The  combination  of  the  above  principles  with  the  laws  of  the  cen- 
trifugal forces  on  the  various  elements  of  the  disk  gives  formulae 
which  enable  computations  to  be  made  of  the  stresses  in  the  disk 
at  all  points  during  rotation. 

6  In  order  to  determine  the  safety  of  a  structure  where  there  are 
stresses  in  more  than  one  direction,  it  is  necessary  to  find  an  effective 
stress  which  corresponds  so  far  as  yielding  is  concerned  to  the  stresses 
in  a  specimen  of  the  same  material  subject  to  simple  tension  in  a 
testing  machine.  It  is  now  almost  universally  agreed  that  Guest's 
maximum  shear  law  is  the  proper  one.  This  states  that  in  cases 
such  as  the  present,  where  there  are  stresses  in  two  directions  only 
with  zero  stress  in  the  third,  and  where  the  stresses  are  either  both 
tension  or  both  compression,  the  greater  of  the  two  stresses  is  the 
effective  stress.  This  effective  stress  is  equal  to  a  simple  stress 
which  would  produce  like  results  so  far  as  yielding,  safety,  elastic 
limit,  etc.,  are  concerned. 

7  This  is  not  true,  however,  when  there  are  stresses  in  all  three  di- 
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rections,  as  in  the  case  with  a  rotating  disk  of  appreciable  thickness 
where  there  is  change  of  stress  in  the  axial  direction;  or  with  two 
stresses  with  opposite  sign,  as  in  the  stresses  in  the  hub  due  to  force 
fits,  discussed  in  Pars.  29-39.  In  such  cases  the  maximum  algebraic 
difference  between  the  greatest  and  least  of  the  stresses  existing  at 
a  point  taken  with  proper  sign  gives  the  effective  stress  or  equivalent 
simple  tension. 

8  In  most  cases  of  properly  designed  rotating  wheels  with  a  hole 
at  the  center  the  maximum  stress  is  the  tangential  stress  at  the 
bore.  This  is,  therefore,  the  stress  which  is  to  be  considered  in  order 
to  ascertain  if  the  wheel  is  safe  and  is  further  the  stress  which  must 
be  determined  in  order  to  discuss  the  problem  of  the  present  paper. 

FORMULA    FOR    INCREASE    OF   BORE 

9  As  we  proceed  outward  from  the  bore  in  a  rotating  wheel,  the 
radial  stress  mounts  up  rapidly,  due  to  the  fact  that  the  centrifugal 
forces  of  the  outer  portions  of  the  disk  pull  outward  on  the  inner 
portions.  The  nearer  the  center  the  less  the  material  in  the  inner 
circle,  and  therefore  the  less  resistance  to  radial  elongation.  At  the 
bore  there  is  no  force  whatever  resisting  radial  elongation,  so  that 
the  radial  stress  becomes  zero  as  this  inner  diameter  is  reached.  We 
have  then  on  the  inner  wall  of  the  cylinder  forming  the  bore,  material 
which  is  stressed  only  in  the  tangential  direction  and  the  increase  of 
circumference  is  exactly  the  same  as  if  we  had  a  straight  bar  of  the 
same  length  stressed  an  amount  equal  to  the  tangential  stress  at  the 
bore.  This  is  expressed  by  the  simple  relation  which  is  the  funda- 
mental equation  of  our  problem: 

X-^t"  ^° [2] 

where 

X  =  increase  in  diameter  in  inches  of  the  bore,  due  to  the 

centrifugal  stresses  at  a  given  speed 
Sto=  tangential  stresses  at  the  bore  in  pounds  per  square  inch 
at  the  same  speed 
.  Do  =  original  diameter  of  bore  in  inches 

£;  =  modulus  of  elasticity,  29,000,000  for  steel 

10  It  can  be  shown  that  the  stresses  at  any  point  in  a  given 
wheel  or  at  a  similarly  situated  point  in  any  other  wheel  of  similar 
proportions,  are  directly  proportional  to  the  square  of  the  peripheral 
wheel  speed.  Hence  the  increase  of  bore  in  which  we  are  interested 
varies  directly  with  the  square  of  the  peripheral  wheel  speed  with 
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a  given  wheel.  In  any  case  of  the  same  or  geometrically  similar 
wheels,  the  increase  per  foot  of  bore  increases  directly  with  the 
square  of  the  wheel  speed. 

NUMERICAL   MAGNITUDE    OF   INCREASE    OF   BORE 

11  The  allowable  values  of  the  tangential  stress  at  the  hub  are 
quite  high,  since  a  centrifugal  load  is  one  of  the  easiest  loads  which 
can  be  applied  and  is  of  the  nature  of  a  pure  dead  load  in  a  beam. 
It  is  not  possible  to  apply  or  remove  a  centrifugal  load  suddenly, 
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Fig.  1     Increase  of  Bore  of  a  Rotating  Wheel 
Ratio  of  Diameter  of  Bore  to  Diameter  of  Disk  =  0.353.    This  Ratio  may  be 

changed  considerably  without  appreciably  affecting  the  Results. 

Approximate  Dead  Weight  per  Pound  of  Disk  (equal  in  Both  Cases)  =  100,000 

Lb.  per  Ft.  of  Disk  Circumference  at  534  Ft.  per  Sec. 

but  only  in  the  most  gentle  manner.  Also  the  maximum  stress 
usually  occurs  only  in  a  single  set  of  fibers  which  are  reinforced  by 
adjacent  fibers  with  decreasing  stresses.  There  need  be  no  "factor 
of  ignorance"  and  maximum  stresses  can  be  known  with  as  great 
accuracy  as  it  is  desired  to  give  to  the  mathematical  computations. 
In  many  cases  20,000  lb.  per  sq.  in.  is  a  conservative  stress.  In  some 
cases  with  special  grades  of  steel  30,000  lb.  per  sq.  in.  is  possible. 
For  a  wheel  with  12  in.  bore  and  30,000  lb.  maximum  stress  the  in- 
crease in  bore  computed  from  [2]  is  0.0124  in.,  which  is  an  appreciable 
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amount.  For  other  stresses  and  other  dimensions  of  bore  the  in- 
crease of  bore  is  in  direct  proportion.  When  the  stress  is  29,000  lb. 
per  sq.  in.  the  increase  in  bore  is  1  mil  per  in.  of  bore. 

12  Fig.  1  gives  numerical  values  of  increase  in  bore  for  various 
wheel  speeds  for  two  different  shapes  of  disk.  The  upper  curve  is 
for  a  disk  of  uniform  thickness.  This  shape  is  only  possible  with 
comparatively  low  wheel  speeds  and  the  stresses  become  excessive 
with  speeds  ordinarily  used  in  turbine  practice.  The  lower  curve  is 
for  a  disk  of  the  more  efficient  shape  shown  in  Fig.  2.  In  both  cases 
the  computations  are  made  for  a  turbine  bucket  wheel  with  a  load 
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Fig.  2    Diagram  of  Device  for  Measuring  the  Increase  of  Bore  during 

Rotation 


due  to  centrifugal  force  of  buckets  at  3600  r.p.m.  of  100,000  lb.  per 
ft.  of  circumference.  The  shapes  of  the  curves  are  affected  somewhat 
by  the  magnitude  of  this  outer  dead  load.  In  both  cases  the  ratio  of 
bore  to  disk  diameter  is  0.353.  The  curves  are  not  greatly  affected 
by  difference  in  this  ratio.  The  curves  give  very  nearly  the  values 
of  increase  in  bore  per  foot  of  bore  for  various  wheel  speeds  for  a 
disk  of  uniform  thickness,  Avhich  is  about  as  poor  a  shape  as  would 
ever  be  used,  and  for  a  disk  of  what  is  probably  as  efficient  a  shape 
as  would  ever  be  used,  with  an  average  bucket  load.  The  increase 
in  bore  for  any  shaped  disk  whatever  will  probably  lie  between  the 
two  curves. 

13     The  curves  of  Fig.  1  were  constructed  as  follows:  The  wheel 
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whose  dimensions  are  given  in  Fig.  2  is  the  wheel  of  a  standard  steam 
turbine  with  a  web  diameter  of  34  in.  In  the  course  of  the  design 
of  this  wheel  the  maximum  stress  was  computed  for  the  rated  speed, 
3600  r.p.m.,  and  came  out  about  20,400  lb.  per  sq.  in.  From  the 
value  of  this  stress  and  formula  [2],  the  increase  in  bore  at  the 
rated  speed  was  found.  The  effective  bore,  taking  account  of  key- 
ways,  was  12  in.  From  the  law  that  the  stress  and  hence  the  in- 
crease in  bore  varies  directly  with  the  square  of  the  wheel  speed, 
the  lower  curve  of  Fig.  1  was  drawn,  taking  bore  as  12  in.,  however. 

14  Next  was  taken  the  case  of  the  upper  curve  for  a  flat  disk. 
From  the  formulae  for  stresses  in  flat  disks  given  in  Stodola's  "Die 
Dampfturbinen,"  fourth  edition,  pp.  248  and  249,  can  be  deduced 
the  following  formula  for  the  tangential  stress  at  the  bore  of  a  flat 
disk  Sto,  where  *Sri  is  the  radial  stress  at  the  circumference  due  to 
bucket  load,  W  is  the  wheel  speed  in  feet  per  second  and  R  is  the 
ratio  of  bore  diameter  to  web  diameter. 

Sto  =  OmQlW^  (0.7i22+3.3)  +  f^^lL- [3] 

l-R^ 

15  This  is  for  a  steel  disk  whose  modulus  of  elasticity  is  29,000,000 
lb.  per  sq.  in.,  Poisson's  ratio  0.3  and  density  0.28  lb.  per  cu.  in. 

16  The  centrifugal  force  due  to  the  bucket  load  on  the  previous 
disk,  100,000  lb.  per  ft.  of  circumference,  was  taken  as  being  applied 
to  a  flat  disk  of  about  the  same  weight,  giving  1|  in.  axial  width, 
and  34  in.  web  diameter.  This  gives  a  radial  stress  Sri  of  6670 
lb.  per  sq.  in.  at  the  circumference  of  the  flat  disk.  The  ratio  of  the 
diameter  of  bore  to  the  web  diameter  R  was  taken  as  in  the 
previous  disk  0.353. 

EXPERIMENTAL  MEASUREMENT  OF  INCREASE  OF   BORE  OF  A 
ROTATING  WHEEL 

17  The  magnitudes  of  the  increase  of  bore  in  a  number  of  actual 
turbine  wheels,  as  determined  by  substituting  computed  stresses  in 
equation  [2]  came  out  so  large  that  it  was  decided  to  make  an  actual 
measurement  of  the  increase  in  bore  when  a  wheel  was  rotating. 

18  Fig.  2  shows  the  apparatus  diagrammatically  and  Fig.  3  the 
results  obtained.  The  turbine  wheel  was  mounted  on  a  shaft  with 
a  light  force  fit.  A  delicate  micrometer  arrangement  was  provided 
so  that  change  in  bore  of  the  wheel  while  it  was  rotating  with  the 
shaft  could  be  observed.  The  wheel  was  gradually  increased  in 
speed  and  meanwhile  the  readings  of  the  micrometer  taken.    These 
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showed  that  the  bore  expanded  at  each  speed  an  amount  almost 
exactly  the  value  computed  by  the  methods  previously  given.  The 
micrometer  arrangement  proved  very  positive  and  there  was  no 
uncertainty  regarding  the  measurement  of  the  increase  of  bore.  The 
maximum  amount  measured  was  about  0.007  in.  The  observations 
were  accurate  to  about  0.0005  in. 

19  The  wheel  was  forced  on  the  shaft  with  a  force  fit  of  0.0014 
so  that  it  was  loose  on  the  shaft  by  about  0.0056  at  maximum  speed. 
The  duration  of  the  tests  was  not  great  enough  to  show  any  difficulty 
due  to  this. 

MEASURING    DEVICE 

20  The  measuring  device  shown  in  Fig.  2  consisted  of  three 
pistons  sliding  in  radial  holes  in  the  shaft  pushed  outward  by  means 
of  a  tapered  plug  moving  axially  in  a  hole  in  the  center  of  the  shaft. 
The  motion  of  the  central  plug  was  given  by  means  of  a  lever  with 
a  ball  and  socket  joint  fulcrumed  so  as  to  give  considerable  mul- 
tiplication and  read  by  a|pointer  passing  over  a  scale.  A  displace- 
ment of  the  pointer  by  1  in.  corresponded  to  an  increase  of  bore  of 
0.004  in.    The  position  of  the  pointer  was  certain  to  within  about 

1  in.  motion  along  its  scale,  corresponding  to  0.0005  in.  change  of 
bore.  While  the  speed  was  being  varied  an  attendant  kept  his  hand 
on  the  pointer,  moving  it  back  and  forth  a  slight  amount  so  as  always 
to  keep  it  just  in  the  proper  position.  As  the  speed  varied  from 
low  values  to  maximum  value  the  pointer  moved  a  distance  of  about 

2  in.  so  that  the  change  in  bore  was  quite  perceptible. 

21  Owing  to  the  fact  that  the  increase  of  bore  varies  with  the 
square  of  the  speed  there  was  no  perceptible  change  below  about 
750  r.p.m.,  and  this  was  the  lowest  speed  used.  The  highest  speed 
was  3900  r.p.m. 

CALIBRATING   SLEEVE   TEST 

22  In  order  to  find  the  relation  between  the  readings  of  the 
pointer  and  the  actual  values  of  increase  of  bore,  and  also  to  demon- 
strate that  the  apparatus  would  give  correct  measurements  at  high 
speed,  a  calibrating  sleeve  was  made.  This  was  a  thin  sleeve  bored 
out  at  each  end  so  as  to  be  a  sliding  fit  on  the  shaft  and  with  two 
different  bore  diameters  in  the  central  portion,  either  of  which 
could  be  brought  over  the  pistons  of  the  measuring  device.  Read- 
ings of  the  pointer  were  taken  at  each  of  these  bores,  stationary  and 
rotating,  at  various  speeds.  The  stationary  readings  gave  the 
motion  of  the  pointer  for  the  known  change  of  bore  calibrating  the 
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entire  apparatus.    The  readings  while  rotating  showed  that  the  in- 
strument gave  correct  readings  at  all  speeds. 

TEST   WITH   ROTATING    WHEEL 

23  Next  the  rotating  wheel  was  pressed  on  the  shaft.  A  num- 
ber of  readings  of  the  diameter  of  shaft  and  bore  of  wheel  showed 
that  the  average  amount  of  force  fit  was  0.0017  in.  After  this, 
a  pair  of  outside  calipers  was  set  to  fit  the  shaft  at  various  points 
and  a  pair  of  inside  ones  set  to  fit  the  wheel  bore.    The  difference 


TABLE    1 


READINGS   OF   POINTER   IN   TESTS   WITH   ROTATING    WHEEL,   CON- 
DUCTED MARCH  11,  1911 


Test 

No.  9 

Test  No.  10 

Test  No.   11 

Test  No.  12 

Test  No.  13 

R.P.M. 

Up 

Down 

Up 

Down 

Up 

Down 

Up 

Down 

Up 

Down 

0 

2.61 

2.62 

2.62 

2.63 

2.62 

2.63 

2.63 

2.62 

2.61 

2.62 

750 

2.61 

2.54 

2.63 

2.59 

2.63 

2.59 

2,64 

2.62 

1050 

2.64 

2.58 

2.70 

2.68 

2.68 

2.67 

2.66 

2.70 

1200 

2.69 

2.63 

2.74 

2.72 

2.72 

2.74 

2.72 

2.75 

1500 

2.72 

2.70 

2.80 

2.82 

2.82 

2.80 

2.84 

2.90 

1800 

2.78 

2.79 

2.90 

2.96 

2.92 

2.90 

2.96 

3.00 

2100 

2.84 

2.89 

3.03 

3.10 

3.02 

3.10 

3.11 

3.20 

2400 

2.99 

3.14 

3.18 

3.25 

3.18 

3.24 

3.26 

3.40 

2700 

3.16 

3.30 

3.32 

3.44 

3.32 

3.48 

3.48 

3.56 

3000 

3.30 

3.45 

3.54 

3.63 

3.54 

3.63 

3.70 

3.75 

3150 

3.50 

3.64 

3.70 

3.78 

3.75 

3.85 

3.85 

3.85    !     .. 

3300 

3.65 

3.70 

3.85 

3.94 

3.85 

3.98 

4.00 

4.00 

3450 

3.80 

3.80 

4.01 

4.08 

4.00 

4.08 

4.10 

4.08 

3600 

4.00 

4.00 

4.13 

4.20 

4.15 

4.18 

4.24 

4.20 

3750 

4.12 

4.12 

4.24 

4.28 

4.30 

4.29 

4.34 

4.33 

3900 

4.30 

4.30 

4.34 

4.34 

4.38 

4.38 

4.38 

4.38 

4. 

38 

4.38 

between  the  two  calipers  was  then  found  by  means  of  a  thickness  gage. 
The  mean  of  these  observations  gives  0.0011  in.  as  the  amount  of 
force  fit.  The  mean  of  these  two  values  0.0014  in.  is  considered  to 
be  the  actual  amount  of  force  fit.  It  was  necessary  to  know  the 
amount  of  this  force  fit  in  order  to  make  comparisons  between  the 
computed  and  observed  amounts  of  increase  of  bore  of  the  rotating 
wheel,  since  the  wheel    at  zero  speed  is  expanded  somewhat. 

24  Fig.  2  is  a  diagram  of  the  arrangement  of  the  apparatus  when 
the  wheel  was  on  the  shaft.  Readings  of  the  pointer  were  taken  at 
various  speeds  as  shown  by  Table  1  and  the  results  plotted  in  Fig.  3. 
The  pointer  readings,  as  well  as  the  corresponding  values  of  actual 
increase  in  bore  as  shown  by  the  previous  calibrations,  are  given 
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on  the  left.  Owing  to  the  fact  that  the  wheel  was  forced  on  the 
shaft,  the  measured  diameter  of  the  wheel  at  zero  speed  is  greater 
than  the  actual  free  diameter  of  the  wheel.  By  methods  given  in 
Pars.  29-39,  it  was  computed  that  the  wheel  was  expanded  by  the 
force  fit  one-half  of  the  difference  in  free  diameters,  the  remainder 
being  compression  of  the  shaft.  Hence  the  base  line  for  increase  in 
bore  of  the  wheel  from  the  free  condition  is  the  lower  line  of  Fig.  3, 
which  is  0.0007  in.  below  the  base  line  for  increase  in  bore  from  the 
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Fig.  3    Increase  in  Bore  of  a  Rotating  Wheel 
Points  from  Test  with  Rotating  Wheel  (Table  1);  Curve  drawn  from  Com- 
putations. 


actual  initial  value  when  on  the  shaft.  The  computed  curve  for  the 
increase  in  bore  for  the  free  wheel  at  the  various  speeds  is  drawn  in 
Fig.  3  beginning  with  the  lower  base  line.  At  that  speed  where  the 
expansion  of  the  free  wheel  is  equal  to  the  amount  of  the  force  fit, 
0.0014  in.,  the  shaft  is  just  released  from  its  compression  and  wheel 
and  shaft  are  just  of  the  same  diameter.  For  speeds  beyond  this 
point  the  wheel  expands  exactly  as  if  there  was  no  initial  force  fit. 
The  wheel  is  loose  on  the  shaft  by  whatever  increase  in  bore  occurs 
beyond  this  point.  The  observed  points  are  seen  to  fit  very  closely 
the  computed  curve.  For  all  speeds  below  that  at  which  the  wheel 
and  shaft  just  touch  there  is  compression  of  the  shaft  and  expansion 
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of  the  wheel  by  the  force  jfit,  the  amount  being  successively  less  as 
the  speed  increases.  The  effective  force  fit  at  any  speed  is  the  differ- 
ence between  the  force  fit  at  rest,  and  the  expansion  of  the  free  wheel 
at  the  given  speed.  The  effective  force  fit  is,  therefore,  the  difference 
between  the  dotted  curve  and  the  upper  horizontal  line.  As  shown 
later,  when  there  are  different  amounts  of  force  fit  with  a  given 
wheel  and  shaft,  the  expansion  of  the  wheel  is  always  a  constant 
fraction  of  the  amount  of  force  fit.  This  is  one-half  in  the  present 
case.     Hence  the  curve  showing  the  increase  in  bore  of  the  wheel, 
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ro 


as  the  force  fit  is  gradually  relieved,  is  drawn  halfway  between  the 
dotted  curve  and  the  upper  horizontal  line. 

25  In  the  present  case  the  amount  of  the  force  fit  is  comparatively 
small.  It  was  originally  intended  to  repeat  the  experiments  with 
successively  increasing  amounts  of  force  fit.  The  measuring  ap- 
paratus was  arranged  so  that  it  could  be  torn  down  and  reassem- 
bled without  change  in  the  absolute  initial  value  of  the  readings. 
This  was  done  with  the  idea  of  actually  measuring  the  change 
in  the  initial  bore  of  the  wheel  when  put  on  the  shaft  with 
different  amounts  of  force  fit,  giving  curves  in  Fig.  3  which  would 
start  with  successively  greater  amounts  of  force  fit  and  meet  the 
curve  of  a  free  wheel  higher  up.  However,  the  results  of  the  first 
experiment  agreed  so  closely  with  the  theory  and  everything  was 
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SO  obvious  after  study  of  the  subject  that  no  further  experiments 
were  made. 

DESIGN  OF  WHEELS  SUBJECT  TO  INCREASE  OF  BORE  BY  CEN- 
TRIFUGAL STRESSES 

26  The  method  used  to  prevent  difficulty  due  to  loose  wheels  is 
to  force  tlie  wheel  on  the  shaft  with  a  force  fit,  or  difference  in  diam- 
eters between  wheel  bore  and  shaft,  greater  than  the  computed 
amount  of  increase  of  bore  at  maximum  speed.  In  some  cases  this 
has  resulted  in  large  amounts  of  force  fit  requiring  very  heavy  pres- 
sures for  forcing.  Special  material  is  necessary  for  the  bushings 
between  the  wheel  and  the  shaft.  However,  all  of  these  points  have 
been  successfully  met  and  ill  effects  due  to  loosening  of  the  wheels 
wholly  eliminated. 

27  In  some  cases  the  wheel  hubs  do  not  fit  along  their  entire 
length  but  only  in  places.  The  radial  pressure  when  the  fit  only 
occurs  for  a  short  distance  is  obviously  increased  by  the  ratio  of  the 
total  length  of  hub  to  the  actual  length  of  the  fit.  The  numerical 
values  of  this  radial  pressure  on  the  bushings,  computed  by  methods 
discussed  in  Par.  33,  come  to  very  high  figures  in  many  cases.  Of 
course,  some  relief  is  offered  by  the  fact  that  this  pressure  is  pure 
compression  and  that  the  metal  of  the  bushings  is  constrained  on 
nearly  all  sides  so  that  the  resistance  to  flow  is  considerable.  Under 
such  circumstances  much  higher  values  of  compression  stress  can 
be  used  than  when  there  is  no  resistance  to  the  deformation  which 
the  compression  tends  to  cause.  There  is  reason  to  believe  that  in 
the  ideal  case  of  a  piece  subject  to  pure  compression  in  every  direc- 
tion, there  would  be  no  failure  even  with  an  infinitely  large  stress. 

28  It  is  to  be  remarked  that  when  the  force  fit  is  just  sufficient 
to  prevent  loosening  at  full  speed  and  the  shaft  is  solid,  the  effective 
stress  in  the  hub  due  to  the  force  fit  when  at  rest,  is  exactly  equal 
to  the  stress  at  full  speed. 

COMPUTATION  OF  FORCE  AND  SHRINK  FITS  WITH  STEEL 

29  A  complete  treatment  of  the  subject  based  on  the  maximum 
shear  law  previously  mentioned  is  given  for  the  first  time  so  far  as 
known.  The  general  nature  of  ring  stresses  is  in  Pars.  3-8.  The 
mathematical  derivation  of  the  formulae  is  given  in  the  Appendix. 

30  It  turns  out  that  a  wheel  hub  is  affected  only  for  a  very  short 
distance  outward  so  that  the  nature  of  the  outer  portion  has  little 
or  no  influence.    The  condition  near  the  hub  in  a  flat  disk  with  an 
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outer  diameter  only  ten  times  the  diameter  of  the  bore  is  practically 
the  same  as  in  a  disk  with  an  infinitely  large  outer  diameter.  We 
therefore  consider  only  the  case  of  a  ring  forced  upon  another  ring 
of  equal  axial  length.  We  estimate  the  outer  diameter  of  the  outer 
ring  so  as  to  make  it  equivalent  so  far  as  expansion  is  concerned  to 
a  given  wheel  of  any  shape.  For  instance,  for  a  solid  wheel  com- 
paratively thin  at  the  outer  portion,  we  would  estimate  the  equivalent 
flat  disk  to  have  one-half  or  one-third  the  diameter  of  the  wheel. 
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Stress  is  directly  proportional  to  Force  Fit  per  Inch  of  Bore.    Figures  on  Curves 

denote  Ratio  of  Diameter  of  Hole  in  Inner  Ring  to  Diameter  of  Bore  of  Outer 

Ring  — . 


For  a  wheel  with  spokes,  we  have  little  more  than  the  hub  only. 
We  also  estimate  an  equivalent  inner  ring  if  we  do  not  have  a  solid 
or  hollow  shaft.  Owing  to  the  comparatively  slight  influence  of  the 
parts  of  the  rings  furthest  from  the  fit,  a  considerable  error  in 
estimation  of  the  diameters  of  the  equivalents  will  cause  compara- 
tively small  error  in  the  results. 

31     Figs.  4,  5  and  6  give  amount  of  expansion  and  stresses  in  an 
outer  ring  or  hub  pressed  or  shrunk  on  inner  ring  or  shaft. 
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32  The  difference  in  the  free  diameters  is  called  the  force  fit, 
which  we  will  denote  by  X.  When  the  hub  is  in  place  on  the  shaft 
and  there  is  no  rotation  so  as  to  loosen,  it  is  expanded  by  a  certain 
amount  F'o.  The  shaft  is  also  compressed  by  a  considerable  amount. 
The  sum  of  the  increase  of  hub  bore,  F'o,  and  the  compression  of 
the  shaft  is  evidently  the  amount  of  the  force  fit.    Fig.  4  gives  values 

F' 

of  — ^the  fraction  of  the  force  fit  which  the  hub  expands. 

33  Fig.  5  gives  the  radial  stress  at  the  bore  of  the  hub,  which  is 
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Fig.  6    Effective  Tensile  Stress  at  Bore  of  Outer  Ring.    Force  Fit  op 
0.001  In.  per  In.  of  Bore 
Stress   is   directly   proportional   to   Force   Fit   per   Inch  of  Bore 


on  Curve  denote  Ratio  of  Inner  Diameter  of  Inner  Ring  to  Bore  Diameter 


Figures 


To. 


also  the  stress  at  the  outside  of  the  shaft,  as  well  as  the  pressure  per 
square  inch  between  when  there  is  actual  contact  for  the  full  length 
of  hub. 

34  Fig.  6  gives  the  maximum  effective  stress  at  the  bore  of  the 
hub.  This  is  the  greatest  stress  in  the  system  unless  the  shaft  is 
hollow  and  relatively  thin.  Figs.  5  and  6  are  for  a  force  fit  of  one  mil 
per  inch  of  bore.     Stresses  for  other  values  are  in  proportion. 

35  The  abscissae  of  these  figures  give  the  ratio  of  the  bore  to 
the  outer  diameter  of  the  hub.    The  upper  curve  in  each  of  these 
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three  figures  is  for  a  solid  shaft  or  one  with  a  small  hole  and  the 
other  curves  are  for  rings  with  various  sizes  of  holes.  When  the 
abscissa  is  zero  the  outer  diameter  of  the  hub  is  infinitely  large  as 
compared  with  the  bore.  The  curves  are  nearly  horizontal  for  a 
considerable  distance  in  this  region  and  the  results  for  an  outer 
diameter  ten  times  the  diameter  of  the  bore,  that  is,  a  ratio  of  0.1, 
are  almost  the  same  as  for  an  infinite  outer  diameter.     The  values 


Z8000 


j?afioofBore  Di'am.  to  OuterPicrm.  of  Outer  Rinq  — 

Fig.  7    Compressive  Tangential  Stress  S\i  at  Inner  Diameter  of  Inner 

Ring.     Force  Fit  of  0.001  In.  per  In.  of  Bore 

Stress   is   directly    proportional    to    Force    Fit  per    Inch    of  Bore.     Figures 

on  Curves  denote  Ratio  of   Inner  Diameter  of  Inner  Ring  to  Bore  Diameter 

n 

—.     Values  given  are  the  Maximum  Effective  Stresses  in  Inner  Ring. 

U 


for  an  outer  diameter  five  or  three  times  the  diameter  of  the  bore 
change  but  little. 

36  Similarly,  as  will  be  seen  by  noting  the  curves  for  the  various 
values  of  the  ratio  of  the  diameter  of  the  hole  in  the  shaft  to  the 
shaft  diameter,  the  hole  has  but  little  influence  unless  it  is  com- 
paratively large.  The  usual  case  of  a  shaft  with  a  comparatively 
small  hole  is  practically  equivalent  to  a  solid  shaft.  As  will  be  seen 
by  a  study  of  the  curves,  the  case  where  the  diameter  of  the  hub 
is  seven  times  the  diameter  of  the  bore,  giving  a  ratio  of  0.14,  and 
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where  the  hole  in  the  shaft  is  0.3  of  the  shaft  diameter,  gives  very 
nearly  the  results  of  any  usual  case.  Hence,  for  usual  cases  the  hub 
bore  expands  about  0.6  of  the  amount  of  the  force  fit  and  for  a  force 
fit  of  one  mil  per  inch  of  bore  the  radial  stress  is  about  13,000  lb.  per 
sq.  in.  and  the  effective  tangential  stress  is  about  27,000  lb.  per  sq.  in. 

37  For  a  solid  shaft,  however,  the  maximum  effective  stress  is 
29,000  lb.  per  sq.  In.  for  a  force  fit  of  1  mil  per  in.  of  bore,  regard- 
less of  the  character  of  the  wheel  or  hub.  The  stress  for  other 
amounts  of  force  fit  is  in  proportion. 

38  Force  fits  of  1  mil  per  in.  are  therefore  about  as  large  as 
will  give  no  permanent  set  of  the  hub  for  steel  and  a  solid  shaft. 
Force  fits  up  to  about  1|  mils  are  frequently  used.  These  give 
some  set  of  the  fibers  very  near  the  bore.  This  set  is  almost  entirely 
eliminated  by  the  elastic  force  of  the  outer  fibers  if  the  hub  is  ever 
removed  from  the  shaft,  however. 

39  Fig.  7  gives  the  maximum  stress  (at  the  inside)  in  the  shaft 
or  inner  ring.  This  is  usually  less,  but  for  a  relatively  thin  ring  may 
be  greater,  than  the  stress  in  the  hub.  A  solid  shaft  has  a  stress 
one-half  as  great  as  one  with  a  small  hole. 

40  A  rational  expression  for  the  force  in  pounds  to  press  the  hub 
on  the  shaft  is 

0.12  dolSro 

where  I  is  the  length,  do  the  diameter  of  bore  of  the  hub  in  inches 
and  Sto  the  radial  stress  at  the  bore  found  from  Fig.  5.  The  co- 
efiicient  of  0.12  was  obtained  from  actual  tests  and  gives  a  coefficient 
of  friction  of  0.038. 

41  For  a  force  fit  of  one  mil  per  inch  of  bore  the  forcing  pressure 
in  our  usual  case  is  about  1560  lb.  per  in.  of  bore  and  per  in.  of  hub 
length. 

42  The  forcing  pressure  of  course  varies  widely  on  account  of 
the  Influence  of  surfaces  and  lubricant.  The  formula  gives  an 
average  value. 


APPENDIX 
DERIVATION    OF    FORMULAE    FOR    FORCE    AND    SHRINK    FITS  » 


NOTATION 

>Sr  =  Radial  stress,  lb.  per  sq.  in. 
<St  =  Tangential  stress,  lb.  per  sq.  in. 
r  =  Radius,  inches 

jB  =  Modulus  of  elasticity  taken  29,000,000  lb.  per  sq.  in. 

F  =  Poisson's  ratio,  taken  0.3 

X=  Amount  of  force  fit,  or  difference  in  diameters,  inches 

F  =  Increase  of  diameter,  inches 

40  We  take  the  case  of  two  steel  rings,  the  outer  one  being  forced  on  the 
inner  one.  A  subscript  after  any  symbol  denotes  the  value  for  a  particular 
radius:  1  denotes  the  outer  diameter  of  the  outer  ring  or  hub;  0  denotes  the 
common  diameter  where  the  force  fit  occurs  and  2  denotes  the  bore  of  the  inner 
ring.  We  wiU  also  use  an  index  '  to  denote  values  for  the  outer  ring  in  general 
and  indexes  "  to  denote  the  inner  ring. 

F 

41  The  increase  in  radius  of  an  elementary  ring  is —    and  the  tangential 

strain  is 


The  radial  strain  is 


F 

St- 

-VS. 

2r 

E 

dF 

s, 

r-FSt 

2dr  E 

and  by  using  the  preceding  value  of  F  we  obtain  a  fundamental  equation  applying 
to  any  circular  body. 


(dSr         \  dSt 


.[4] 


42     The  statement  that  the  radial  forces  on  an  elementary  segment  in  a 
stationary  cylinder  are  balanced  is 

e 

Srdrd  9+rd  Od  S,~2  S^dr  sin  d  -  =  0 

This  reduces  to  a  second  fundamental  differential  equation 

dSr 

Sr+r-^-Si  =  0 [5] 

dr 

This  enables  reduction  of  the  first  fundamental  equation  to  the  form 

'  This  section  was  written   with  the   assistance  of   Mr.   C.   A.   Scheliens    of    the    General 
Electric  Company,  Lynn,  Mass. 
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Si+r'^^-Sr  =  0 [6] 

dr 

We  integrate  these  simultanoous  differential  equations  by  adding  and  integrating, 

giving 

We  add  this  to  the  second  fundamental  equation  which  separates  the  variables. 
By  multiplying  by  r  we  obtain  the  exact  differential  of  r-Sr  so  that  we  obtain  the 
integral  directly.  From  the  equation  above  we  obtain  the  other  integral,  giving 
the  equations 

B' 

B' 

7.2 

B" 

S/==A"-- 
r2 

B" 

43  A'  B'  A"  B"  are  four  constants  to  be  determined  by  the  boundary  condi- 
tions. Two  of  these  are  that  the  radial  stresses  at  the  inner  and  outer  radii  ri  and 
Ti  are  zero  for  the  case  of  a  hole  in  the  inner  ring.     That  is 

S"r2=0 

Substituting  these  values  in  the  above  equations 

B' 
0=A'-- 

n 

44  This  enables  us  to  eliminate  two  constants  giving  a  new  set  of  fundamental 
equations 


Vi     ry 


S/  =  B 


St"  =  B 

45     The  third  boundary  condition  is  that  the  radial  stresses  at  the  common 
surfaces  are  equal,  that  is 

S  rO  —S   rO 

giving 


46    The  fourth  condition  is  that  the  algebraic  difference  between  the  de- 
formations at  the  common  radius  is  equal  to  the  force  fit.    That  is 

0  — r  0   =  A 
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47     In  general  the  radial  deformation  at  any  radius  is  given  by 


f=i(--') 


2 

Outward  deformation  and  tensile  stress  are  counted  positive. 
48     Then  we  have,  after  noting  that  >S'ro  =  'S"ro 
2rol 


„  ,  S'to—S"t 
E 

Substituting  the  stresses  from  the  last  set  of  equations  and  substituting  for  B" 

from  the  equation  given  by  the  third  boundary  condition,  this  becomes 


/)    1      1         \rl'^rl)[rl     rl)  ( 

V  (H)    ) 
4-3). 


EX 

'  2ro 


Hence  B'  =  ^     \     '}' [7] 

4ro      T\     r', 

rl    rl 
This  gives  a  value  of  B'  which  we  can  substitute  in  the  fundamental  equations. 
The  value  of  the  radial  stress  at  the  common  radius  then  comes  out 


(i-)^i). 


4ro  rl    r*2 

rl    rl 
This  is  a  compressive  stress.     The  stress  varies  in  the  outer  ring  from  the  above 
value  at  the  bore  to  zero  at  the  outside. 

49  Fig.  5  gives  values  computed  from  this  equation.    Values  of  radial  stress 

*Sro  are  ordinates,  for  a  value  of —  ,  the  force  fit  per  inch  of  bore,  of  one  mil 

2ro 

per  inch.     Values  of are  abscissae.    Each  of  the  curves  is  for  a  given  value 

ri 

ro 

50  The  fraction  of  the  force  fit  which  the  outer  ring  expands  is  given  by 


X    EX 

JluB 

EX 


\r,     r^         \rl    rj  ) 


rl 
A  +  -1  +  V 

'        *■"         ^'"        '   '  ^        '"'  [9] 

rl    rl 
51     Fig.  4  gives  values  computed  from  this  equation.    The  ordinates  are  values 

P'  T 

of  -:=-,  the  fraction  of  force  fit  which  the  outer  ring  expands.      Values  of  — 
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are  abscissae.    Each  of  the  curves  is  for  a  given  vahie  of 

ro 

52  If  we  substitute  the  value  of  ZJ'  in  the  last  set  of  fundamental  equations 
and  obtain  the  value  of  S't  we  find  that  there  is  a  tangential  tensile  stress  in  the 
outer  cyhnder  with  greatest  value  at  the  bore.  Hence,  since  the  radial  stress 
at  this  point  is  compressive,  we  have  as  the  greatest  value  of  the  effective  stress 
in  the  outer  cylinder,  at  the  bore 

ri 

S\,-S\o=E^ -  -?-. [10] 

2ro  ,  _''2^5 

2      2 

Tor  I 

53  Fig.  6  gives  values  computed  from  this  equation.  For  a  small  hole  in  the 
inner  cyhnder,  and  also,  as  will  be  shown  later,  for  a  solid  shaft,  this  maximum 
stress  in  the  outer  cylinder,  at  its  bore,  becomes 

2ro 
This  value  of  the  maximum  effective  stress  in  a  hub  on  a  solid  shaft,  obtained  in 
the  correct  way  by  adding  the  tangential  stress  due  to  hub  extension  and  radial 
stress  due  to  shaft  compression,  turns  out  to  give  the  same  final  results  as  the 
incorrect  method  of  finding  the  tangential  stress  in  the  hub  with  an  incom- 
pressible shaft. 

54  From  the  relation  between  B'  and  B"  and  the  value  of  B'  we  can  sub- 
stitute in  the  last  set  of  fundamental  equations  and  obtain  the  stresses  in  the 
inner  ring.  Both  stresses  are  compression  throughout  so  that  the  greatest  gives 
the  maximum  effective  stress  direct. 

55  The  radial  compressive  stress  increases  from  zero  at  the  inner  diameter 
to  a  maximum  at  the  outer  diameter  of  the  inner  ring,  where  it  has  the  value 
already  given  for  the  bore  of  the  outer  cyhnder  and  shown  in  Fig.  5.  The 
tangential  compression  stress  increases  from  the  outer  diameter  to  the  diameter 
of  the  central  hole  where  it  is  the  maximum  stress  in  the  inner  cylinder  and  is 

1--: 

S\,=  -E^ ?-, [11] 

2ro     _rjro 

Values  of  the  expression  are  plotted  in  Fig.  7.  It  is  to  be  noted  that  in  case  the 
ratios  of  radii  of  both  rings  are  aUke,  the  above  expression  for  maximum  stress 
in  the  inner  ring  coincides  with  the  previous  expression  for  maximum  effective 
stress  in  the  outer  ring.  It  can  also  be  seen  that  the  greater  of  the  two  maximum 
stresses  is  in  that  ring  which  has  the  greatest  ratio  of  inner  to  outer  diameter, 
i.  e.,  which  is  relatively  thinnest. 

56  The  preceding  work  has  been  for  the  case  where  there  was  a  hole  in  the 
inner  cylinder.  For  a  soUd  shaft,  the  inner  boundary  condition  in  the  inner 
cylinder  becomes 

S"i,2=S"r2 

instead  of 

S"r2=0 

the  other  conditions  remaining  the  same.  From  the  first  set  of  fundamental 
equations  and  the  above  relation 
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A'ri-B'=A''r,+B'' 
If  we  now  put  rj=0  we  have 

B"  =  0&i\dS"r=S"t  =  A" 
That  is,  the  radial  and  tangential  stresses  are  equal  and  constant  throughout  a 
solid  shaft.    This  is  a  well-known  property  of  any  solid  with  uniform  normal  stress 
over  the  entire  surface. 

57  By  inserting  the  remaining  boundary  condition  we  obtain  final  values 
for  the  stresses  in  the  outer  cylinder  exactly  the  same  as  the  previous  values  for 
a  hollow  shaft  when  the  radius  of  the  inner  hole  r'2  is  made  equal  to  zero  giving 
an  infinitely  small  hole.    The  value  of  the  uniform  stress  throughout  the  shaft  is 

S\=S"t=-'^^{l--A [12] 


(-1 


2  2ro 

58  Values  of  this  expression  are  given  by  the  lower  curve  of  Fig.  7.  It  is 
exactly  one-half  the  previous  value  of  the  stress  at  the  center  of  a  ring  when  the 
radius  of  the  inner  hole  r2  is  made  equal  to  zero,  giving  an  infinitely  small  hole. 


INVESTIGATION    OF    EFFICIENCY    OF    WORM 
GEARING  FOR  AUTOMOBILE  TRANSMISSION 

By  Wm.  II.  Keneeson 

ABSTRACT  OF  THE  PAPER 

The  paper  describes  a  series  of  tests  made  to  determine  tlie  efficiency 
of  three  types  of  worm  gearing  intended  for  use  in  automobile  transmis- 
sion, and  at  the  same  time  a  series  of  tests  to  determine  the  effect  of  con- 
tinuous running.  Data  regarding  the  shape  and  construction  of  the  gears 
are  given  and  the  results  tabulated  and  also  expressed  in  graphic  form. 
The  results  indicate  a  high  efficiency  and  large  carrying  capacity. 
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INVESTIGATION    OF    EFFICIENCY    OF    WORM 
GEARING  FOR  AUTOMOBILE  TRANSMISSION 

By  Wm.  H.  Kenerson,  Providence,  R.   I. 
Member  of  the  Society 

This  investigation  was  made  at  the  plant  of  the  Brown  & 
Sharpe  Manufacturing  Company  for  the  purpose  of  determin- 
ing the  efficiency  of  three  types  of  worm  gearing  for  use  in  an 
automobile  transmission  sj^stem  and  the  heating  effect  due  to  con- 
tinuous running.  The  power  for  these  tests  was  obtained  from  a 
50-h.p.  induction  motor,  running  approximately  870  r.p.m.  at 
full  load. 

2  Between  the  motor  and  the  worm  gear  case  was  placed  an 
automobile  transmission  gear  case  to  enable  tests  to  be  made  at 
two  lower  speeds.  Between  this  and  the  worm  gear  case  was 
placed  a  transmission  dynamometer  designed  by  the  author  and 
described  in  a  paper  presented  before  this  Society  and  pub- 
lished in  Vol.  31  of  Transactions.^  An  Alden  brake  was  used  to 
absorb  and  measure  the  power  transmitted  by  the  gears  under 
test.  The  arrangement  of  the  apparatus  is  shown  in  Fig.  1  which 
shows  the  transmission  dynamometer  set  up  for  comparison  with 
the  Alden  brake,  and  in  Fig.  2  which  shows  the  whole  apparatus 
mounted  ready  for  testing  the  worm  gear  efficiency.  Referring 
especially  to  Fig.  2,  A  is  the  motor,  B  the  automobile  transmission 
gear  case,  C  the  transmission  dynamometer,  D  the  case  containing 
the  worm  gear  under  test,  E  the  Alden  brake,  and  F  the  platform 
scale  which  measured  the  load  on  the  Alden  brake. 

3  The  apparatus  was  so  arranged  that  as  the  load  was  im- 
posed the  weight  on  the  platform  scale  was  removed  and  all 
vibration  of  the  scale  beam  was  eliminated  by  interposing. springs 
S  between  the  blocks  FF  which  sustained  the  weight  on  the 

1  Wm.  H.  Kenerson,  A  New  Transmission  Djmamometer,  p.   171. 


The  American  Society  op  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  papers  are  subject  to  revision. 
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scale,  and  also  by  suspending  by  a  wire  from  the  weight  at  the 
end  of  the  scale  beam  a  plate  which  dipped  into  a  pail  of  oil, 
thus  acting  as  an  efficient  dashpot.  It  was  found  possible  by  care- 
ful manipulation  to  maintain  a  steady  and  easily  read  load  on 
both  the  transmission  and  absorption  instruments. 

4     The  transmission  dynanu)meter  and  brake  were  first  com- 
pared by  arranging  them  as  shown  in  Fig.  1,  in  which  position 


Fig.  3     Section  through  Gear  Case 


runs  were  made  at  various  loads,  and  the  torques  correspond- 
ing to  horsepower  per  100  r.p.m.  marked  on  the  dial  of  the 
transmission  instrument  corresponding  to  similar  loads  as  in- 
dicated on  the  brake.  It  is  evident  that  by  this  method  of  com- 
parison the  two  instruments  must  check  each  other  exactly. 
5     A  thermometer  placed  in  the  oil  well  at  the  back  of  the 
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worm  gear  case  D  indicated  the  temperature  of  the  oil,  and  an- 
other thermometer  placed  on  the  wall  near  the  apparatus  indi- 
cated the  room  temperature. 

.6  The  oil  employed  to  lubricate  the  gears  was  one  intended 
for  use  with  superheated  steam,  having  a  specific  gravity  of 
•ifi  Baume,  flash  point  625  fahr.,  and  viscosity  at  212  deg.  260  to 
265.    The  case  contained  about  5  quarts  of  the  oil. 


Fig.  4    Section  through  Gear  Case 


7  In  all  the  trials  the  worm  was  located  underneath  the  gear. 
Figs.  3  and  4  show  sections  through  the  gear  case.  As  indicated, 
both  shafts  are  mounted  on  ball  bearings  and  end-thrust  ball 
bearings  take  care  of  the  thrust  on  the  worm  and  wormwheel. 
All  the  worms  were  made  of  machinery  steel,  case-hardened,  and 
the  wormwheels  of  phosphor  bronze. 
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8  The  first  worm  and  wheel  tested  are  shown  in  Fig.  5,  and 
are  similar  to  those  used  for  driving  the  spindle  on  the  Brown  & 
Sharpe  automatic  spur  gear  machines.  This  pair  of  gears  is  an" 
unusual  case  of  the  worm  and  wormwheel.  The  smaller  gear  is 
hobbed  with  a  hob  of  the  size  of  the  larger  gear,  thus  making 
possible  adjustment  of  the  larger  gear,  which  would  not  other- 
wise be  the  case.  While  in  appearance  this  gear  resembles  a 
Hindlev  worm,  it  is  not  such  in  i-eality. 


Fig.  5     First  Worm  and  Wheel  Tested 


9  Although  not  strictly  in  accordance  with  usage,  the  smaller 
gear  will  be  called  the  worm  and  the  larger  the  wormwheel  in 
the  following  description.  Figs.  5  and  6  give  the  dimensions 
and  a  good  general  idea  of  this  pair.  The  wormwheel  was  cut 
with  the  cutter  shown,  and  the  shape  of  the  teeth  on  a  section 
through  the  worm  and  wormwheel,  parallel  to  the  axis  of  the 


worm,  is  also  shown. 


10  x\ll  necessary  information  pertaining  to  pairs  No.  2  and  3 
is  given  in  Figs.  7,  8  and  9.  The  difference  between  gears  2  and 
3  is  principally  one  of  shape  of  the  worm  threads.  This  differ- 
ence is  clearly  brought  out  in  the  sections  of  the  worm  and  wheel 
shown  in  Figs.  10  and  11. 
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11  The  shape  of  tLs  teeth  on  the  worm  in  Fig.  10  was  pro- 
duced with  a  cutter,  the  inchided  angle  of  which  was  29  deg., 
and  the  depth  of  tooth  0.570  in.  This  depth  was  based  on  the 
axial  pitch,  when  the  usual  method  on  multiple  worms  is  to  base 
the  depth  on  the  normal  pitch.  The  object  in  using  this  cutter 
was  to  obtain  as  many  teeth  as  possible  in  contact  at  one  time, 
and  also  a  shape  that  could  be  ground  with  a  straight-sided  emery 
wheel. 


Fig.  6     No.  1  Worm  and  Wormwheel 

Wormwheel,  Phosphor  Bronze.  No.  of  teeth,  43  L.  H.;  Pitch  diameter,  10.95; 
Outside  diameter,  11.28;  Circular  pitch,  0.800;  Angle  of  teeth  with  axis,  45  deg.; 
Normal  circular  pitch,  0.5657;  Pitch  of  cutter,  5.553;  Addendum,  0.1628  (not 
standard);  Thickness  of  tooth,  0.282;  Whole  depth,  0.3882;  Included  angle  of 
cutter,  45  deg.' 


12  The  teeth  of  the  worm  in  Fig.  11  were  cut  with  a  cutter 
shaped  as  shown,  which  is  an  arbitrar^^  shape  made  to  produce 
at  one  instant  the  greatest  effective  breadth  possible,  as  shown 
in  the  figure. 

13  In  conducting  the  trials  the  load  was  maintained  at  the 
desired  point  by  one  obserA^er  who  adjusted  the  brake.  Readings 
were  then  taken  on  the  transmission  instrument  by  two  independ- 
ent observers.     The  speed  of  the  motor  was  observed  in  each 
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case  and  from  this,  knowing  the  gear  ratio,  all  the  other  speeds 
were  easily  computed.  Temperatures  were  taken  immediately 
following  each  series  of  observations. 

14  For  purposes  of  comparison  a  series  of  trials  was  run  on 
a  pair  of  bevel  gears,  the  principal  dimensions  of  which  are 
shown  in  Fig.  12.  Table  1  is  a  record  of  one  set  of  observations 
typical  of  the  series.    Table  2  is  a  summary  of  the  results  of  all 


Fig.  7     Nos.  2  and  3  Worm  and  Wormwheel 

Wormwheel,  phosphor  bronze;  Number  of  teeth,  40;  Pitch  diameter,  10.5704; 
Throat  diameter,  10.9964;  Circular  pitch,  0.8302;  Angle  of  teeth  with  axis, 
38°  16'  5";  Normal  circular  pitch,  0.6518;  Pitch  of  cutter,  4.8196;  Addendum, 
0.213;  Thickness  of  tooth,  0.3568;  Whole  depth,  0.4586;  Worm:  Aurora  Street, 
Case-Hardened ;  Number  of  teeth,  9;  Pitch  diameter,  3.015;  Outside  diameter. 
3.441;  Circular  pitch,  1.0524;  Angle  of  teeth  with  axis,  51°  43'  55";  Thickness  of 
tooth,  0.295;  Lead,  7.4719;  Ratio  of  Wheel  to  Worm,  40  to  9. 

the  trials,  and  the  curves  of  Fig.  13  show  in  graphic  form  the 
average  efficiency  of  the  different  gears  at  the  various  loads  and 
speeds. 

15  In  conjunction  with  the  efficiency  trials  a  series  of  runs 
was  made  to  determine  the  heating  effect  due  to  continuous  run- 
ning.    In  these  trials,  which  were  in  effect  endurance  tests,  a 
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Fig.  8     No.  2  Worm  and  Worm  wheel 


Fig.  9     No.  3  Worm  and  Wormweceel 
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Figs.  10  and  U      Section  of  Nos.  2  and  3  Worm  and  Wormwheel 
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Fig.  12     Driving  Gear  and  Pinion 

Driving  Pinion,  5  Per  Cent  Nickel  Steel,  Case-Hardened ;  Pitch,  5;  Number  of 
teeth,  14;  Angle  of  edge,  15°  4';  Angle  of  face,  71°  5';  Outside  diameter,  3.3359. 
Driving  gear,  5  per  cent  nickel  steel,  case-hardened;  Pitch,  5;  Number  of 
teeth,  52;  Angle  of  edge,  74°  56';  Angle  of  edge,  13°  47';  Outside  diameter,  10.4627. 
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constant  load  was  transmitted  through  the  gearing  and  the  tem- 
perature of  the  oil  in  the  gear  case  and  the  temperature  of  the 
room  noted  at  frequent  intervals. 

16  From  these  observations  it  was  found  that  at  the  begin- 
ning of  the  run  the  oil  temperature  rose  rapidly  and  somewhat 
irregularly.  As  the  run  continued,  however,  the  rise  became 
much  more  gradual  and  regular.    In  the  runs  where  the  smaller 

Heat  Curves 
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Fig.  14    Heat  Curves 
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amounts  of  power  were  transmitted  a  point  was  reached  where 
the  temperature  remained  constant.  This  indicated  that  radia- 
tion was  sufficient  to  carry  away  the  heat  due  to  power  lost 
through  friction  in  the  gearing,  or  in  other  words  that  the  gears 
would  run  indefinitely  at  the  load.  The  heat  curves  of  the  No.  1 
worm  and  gear  are  shown  in  Fig.  14. 

17  Tlie  higher  loads  indicated  were  abnormal  for  the  gears 
under  C(msiderati(m  and  would  not  occur  in  any  use  to  which  the 
gears  would  normally  be  put.  The  fact  that  these  trials  con- 
tinued for  from  60  to  80  minutes  without  failure  indicates  that 
the  structure  is  both  strong  and  enduring  and  that  should  such 
temperatures  be  reached  for   any   accidental   reason   the  gears 
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would  not  be  destroyed.  The  result  of  the  trials  was  of  particu- 
lar interest  because  of  the  very  high  efficiency  and  carrying  ca- 
pacity of  the  gears  tested. 

18  Every  possible  precaution  was  taken  to  secure  accuracy  in 
the  results,  and  the  high  degree  of  accuracy  obtained  is  due 
largely  to  the  skill  and  care  of  Mr.  B.  F.  Waterman  of  the  Brown 
&  Sharpe  Manufacturing  Company,  under  whose  personal  super- 
vision the  apparatus  was  erected  and  all  the  trials  were  con- 
ducted. 


MEASUREMENT  OF  AIR  IN  FAN  WORK 

By  Chaeles  H.  Treat 

ABSTRACT  OF  PAPER 

The  paper  discusses  the  use  of  the  pitot  tube  for  fan  testing  with  particular 
emphasis  on  the  correct  kind  of  tube  to  be  used.  It  describes  a  simple  and  accur- 
ate method  of  calibration  of  impact  and  static  orifices,  and  the  instruments  to  be 
used  in  fan  testing,  as  well  as  the  general  method  and  arrangement  of  the  tests. 
It  shows  further  the  derivation  of  the  formula  for  friction  in  test  pipe,  and  the 
method  of  correcting  test  results  to  standard  weight  air.  The  paper  further  con- 
tains proofs  that  the  volume  discharged  from  a  fan  is  the  same  at  all  densities, 
other  conditions  being  the  same,  and  indicates  the  formulae  and  calculations 
used  in  the  test,  such  as  the  formula  for  the  determination  of  air  horsepower  on 
the  discharge  and  suction  side,  efficiency  of  a  fan  and  its  speed.  Finally,  the 
question  of  the  average  velocity  of  flow  in  a  pipe  is  discussed. 
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MEASUREMENT  OF  AIR  IN  FAN  WORK 

By  Charles  H.  Treat,  Honor,  Mich. 
Junior  Member  of  the  Society 

Air  at  fan  pressures  has  come  to  be  used  in  many  fields  and  for 
widely  different  lines  of  work.  For  the  many  occasions  where 
measurement  of  volume,  or  of  pressure  and  volume,  are  required 
better  and  more  accurate  methods  are  often  desired  than  have  been 
commonly  used.  The  engineer  frequently  needs  something  better 
than  the  ordinary  anemometer  to  determine  the  velocity,  and  a 
rubber  tube  connected  to  a  water  gage  to  get  the  pressure.  Espe- 
cially is  this  so  in  fan  testing  where  the  volume  varies  from  nothing 
with  closed  gate  to  a  maximum  with  free  discharge.  The  meas- 
uring apparatus  must  be  accurate  through  this  wide  range. 

2  The  pitot  tube^  used  with  suitable  pressure  measuring  devices 
is  particularly  well  adapted  for  measuring  both  pressure  and  volume, 
being  easily  and  conveniently  arranged  for  fan  testing,  also  being 
simple,  reliable  and  accurate. 

3  Although  the  pitot  tube  has  long  been  known  and  used  there 
is  still  much  doubt  of  its  accuracy  and  distrust  of  results  obtained 
by  it.  This  is  especially  so  for  air.  The  writer  believes  the  trouble 
in  some  cases  and  the  resulting  general  distrust  are  due  to  a  lack  of 
information  as  to  what  forms  can  not  be  used.  In  this  paper  are 
described  what  is  believed  to  be  an  accurate  form  of  tube  for  this 
purpose  and  a  suflSciently  simple  way  of  using  it.  The  pitot  tube 
will  be  the  only  means^  described,  although  much  of  the  method 
employed  in  the  test  can  be  used  however  the  values  of  pressure  and 
volume  were  found. 

4  This  pitot  tube  work  was  done  from  time  to  time  in  the  Amer- 

^For  references  and  a  good  account  of  what  has  been  done  see  The  Pitot  Tube, 
W.  B.  Gregory,  Trans.  Am.  Soc.  M.  E.,  vol.  25,  p.  184. 

^Professor  Thomas  of  the  University  of  Wisconsin  has  developed  an  excellent 
device  for  measuring  air  or  gases  known  as  the  Thomas  Meter. 

The  American  Society  op  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  papers  are  subject  to  revision. 

1341 


1342 


Measurement  of  air  in  fan  work 


icaD  Blower  Company's  fan  testing  room  in  Detroit.  A  little  tur- 
bine fan  was  being  experimented  with  by  the  writer  who  wanted  some- 
thing smaller  and  better  adapted  for  use  in  the  small  test  pipe  than 
the  form  of  tube  previously  used.^  The  form  of  pitot  tube  adopted 
and  which  has  been  in  almost  daily  use  for  a  number  of  years  is 
shown  in  Fig.  1.  This  has  been  tried  out  in  many  ways  as  by  measur- 
ing the  same  air  through  pipes  of  different  diameter;  by  measuring 
in  the  same  pipe  with  two  or  more  instruments;  by  measuring  the 
air  displaced  by  a  gasometer.    These  three  checks  bring  in  also  the 


Z  Holes  af  Front  and  Bcrck,  each 
.  t    0.0?  in.  cf/'ame  fer  in  Outer  Tube 


Fig.  1     Standard  Pitot  Tube 

important  factor  in  air  measuring  of  getting  the  mean  velocity  in 
the  pipe, 

calibration  of  impact  and  static  orifices 

5  In  deciding  how  experimentally  to^prove  the  correctness  of  the 
orifices  of  the  pitot  tube,  preference  was  given  to  the  method  which 
seemed  most  simple  and  accurate  and  which  promised  to  be  the 
best  check  on  work  already  done. 

6  The  accuracy  of  the  impact  orifice  can  not  be  proved  by  means 
of  a  jet  of  air  because  the  only  practical  means  for  determining 
the  velocity  at  any  point  in  the  jet  is  by  the  use  of  the  pitot  tube. 
It  would  scarcely  do  to  test  the  tube  by  means  of  a  carrier,  such  as 
a  locomotive,  because  of  changing  air  currents.  But  by  attaching 
the  impact  tip  to  the  end  of  a  slender  hollow  arm  rotating  about  a 
shaft,  uniform  motion  may  be  obtained  and  that  in  air  having  motion 
due  only  to  the  slender  arm  through  it.     If  now  the  shaft  be  a  fan 

'The  pitot  tube  previously  u.sed  was  the  static  orifice  shown  in  Fig.  11  at  Z), 
used  with  a  A-in-  tube  pointing  into  the  air  current  for  impact  orifice. 
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shaft  and  the  fan  be  discharging,  air  is  drawn  to  the  inlet  about  which 
the  arm  is  rotating,  and  by  regulating  the  fan  discharge,  air  can  be 
just  dra^^^l  away  from  the  path  of  the  tip  or,  in  other  words,  air  flow 
will  be  towards  the  inlet  and  at  right  angles  to  the  tip  travel  instead 
of  AA-ith  it. 

7  We  have  here  a  simple  means  to  compare  the  pressure  computed 
from  the  relative  velocity  of  tip  to  air,  by  the  relation  v=  yj  2hg, 
with  the  pressure  actually  resulting  from  this  velocity.     We  deal 


O.OZin.diam.  one  ho  lean 
>  each  side 


SheefMefal 
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Fig.  2     Diagram  for  Apparatus  for  Calibrating  Pitot  Tube 

with  pressure  due  to  impact  only  as  the  atmospheric  pressure  in  the 
room  is  on  the  tip  and  pressure  measuring  instrument  alike. 

8  This  rotating  arm  method  was  the  one  used  for  calibrating  not 
only  the  impact  orifice  but  the  static  orifice  as  well.  For  the  static 
orifice  what  we  wish  to  know  is  whether  or  not  it  shows  the  true 
pressure  of  the  fluid  no  matter  what  the  velocity  may  be.  As  there 
may  be  slight  radial  flow  static  openings  had  best  be  put  at  the  sides 
(Fig.  2)  for  then  this  velocity  is  only  a  component  of  the  total  veloc- 
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ity  relative  to  the  static  opening.  If  the  pressure  in  the  tip  be  the 
same  as  that  in  the  room  the  pressure  at  the  axis  will  be  less  by  tlie 
centrifugal  head  in  the  arm. 

9  If  the  fan  be  not  used  the  flow  caused  by  the  rotating  arm 
is  enough  to  reduce  the  pressure  in  the  tip  from  about  2  to  5  per  cent, 
while  the  component  of  flow  toward  the  inlet  when  the  fan  is  used 
even  with  the  tip  pointing  to  take  the  resultant  maximum  veloc- 
ity will  change  the  pressure  less  than  will  show  on  a  slide  rule, 
flow  towards  the  inlet  being  only  enough  to  take  the  air  away. 

10  In  older  pitot  tube  work  total  or  impact  reading  has  usually 
been  all  right,  but  static  readings  have  in  many  cases  been  inaccurate. 
A  very  simple  and  reliable  check  on  static  openings,  but  which  may 
not  be  quite  accurate,  is  to  try  them  in  a  jet  of  air  blowing  out  freely 
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Fig.  3    Static  Pressure  at  Outlet  of  a  Straight  Pipe 


into  the  room  and  observe  if  the  pressure  is  the  same  as  that  in  the 
room,  as  it  should  be  very  nearly  even  with  high  velocity.  Fig.  3 
shows  what  the  static  pressures  were  at  the  end  of  a  straight  6-in. 
diameter  pipe,  the  velocity  pressure  being  2.4  in.  head  of  gasolene, 
equal  to  1.74  in.  of  water. 

11  For  details  of  the  calibration  work,  method  of  computing  the 
centrifugal  head,  data  of  tests,  etc.,  see  the  Appendix.  The  results 
are  as  follows :  Working  in  air  instead  of  water,  it  is  shown  that  there 
is  no  difficulty  in  getting  correct  impact  or  total  readings.  The 
form  of  the  tip  may  be  changed  from  a  straight  open  tube  pointing 
into  tlu!  current  to  a  small  pointed  orifice,  as  in  Fig.  1,  or  may  be 
flat  at  the  tip  with  a  small  orifice  in  the  center  and  still  show  practi- 
cally no  difference  in  the  readings  for  the  different  shapes,  showing 
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that  for  any  ordinary  change  in  the  tip  no  inaccuracy  results.    The 
form  of  impact  tip  most  carefully  checked  was  that  shown  in  Fig.  1. 

12  The  calibration  shows  the  impact  or  total  reading  to  be 
accurate  probably  to  within  1  per  cent  in  the  relation  v=  ^2gh.. 

13  A  correctly  reading  static  orifice  is  not  so  easily  obtained. 
The  static  of  Fig.  1,  consisting  of  clean  holes  0.02  in.  in  diameter 
in  |-in.  tubing  yj  in.  thick,  gave  static  readings  accurate  to  within 
less  than  1  per  cent  of  pressure  due  to  velocity.  A  hole  ^  in. 
in  diameter  in  this  tubing  gave  readings  considerably  off,  while  a 
2^-in.  slot  YE  in.  wide  in  slightly  larger  tubing  gave  static  readings 
as  much  as  14  per  cent  too  high. 

14  An  older  form  of  static  orifice,  shown  at  D  in  Fig.  4,  is  fairly 
accurate,  but  requires  to  be  set  with  the  plate  exactly  parallel  with 
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Fig.  4    Older  Forms  of  Static  Tips 


the  direction  of  flow.  It  is  often  not  known  just  what  the  direction 
of  flow  is,  as  when  there  is  a  slight  whirling  or  spiral  motion  in  the 
duct.  The  static  openings  of  the  pitot  tube  shown  in  Fig.  1  give 
quite  accurate  results  when  5  cleg,  out  of  parallel  with  flow. 

15  The  open  tube  E,  Fig.  4,  gives  static  readings  too  small  by 
over  50  per  cent  of  the  velocity  reading.  The  tube  is  -^  in.  in  diam- 
eter held  at  right  angles  to  flow.  The  static  tube  /^  in  a  form  of  pitot 
tube  that  was  sold  by  one  of  the  instrument  makers  several  years 
ago  gives  static  readings  too  small  by  65  per  cent  of  the  true  velocity 
reading.  The  impact  tube  gives  practically  true  reading,  so  that 
velocity  readings  by  this  instrument  are  much  too  large. 

16  A  |-in.  slot  0.01  in.  or  less  wide  in  the  ^-in.  tube  seemed  to 
give  good  results  with  or  without  inner  tube,  so  also  did  the  large 
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slots  if  an  inner  tube  fitted  the  outer  to  within  0.01  in.  on  each  side. 
Wire  cloth  over  the  large  slots  seemed  to  give  good  results.  These 
other  forms  of  opening  have  not  been  checked  and  rechecked  as 
have  the  small  0.02-in.  holes.  Where  the  small  holes  are  liable  to 
stoppage,  more  holes  should  be  used. 

METHOD    OF   TESTING    FANS 

17  When  air  is  discharged  into  a  pipe  by  a  fan  both  static  and 
velocity  pressures  measured  from  atmospheric  are  positive,  and 
their  sum  is  shown  by  the  reading  in  the  impact  manometer  {B  in 
Fig.  5).  When  the  air  is  drawn  from  a  pipe  by  a  fan  the  static 
pressure  in  the  pipe  is  always  less  than  atmospheric;  that  is,  it  is 
negative.     The  reading  in  the  impact  manometer  B  will  be  also 
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Fig.  5    Arrangement  for  Measuring  Static  and  Velocity  Pressures 


negative,  but  less  than  static.  Static  subtracted  from  the  impact 
or  total  gives  a  positive  reading,  as  it  should,  for  the  velocity.  As 
velocity  in  this  pipe  is  induced  by  the  static  pressure,  the  velocity 
can  never  quite  equal  the  static  due  to  the  presence  of  friction. 

18  Figs.  6  and  7  show  the  method  of  setting  up  for  a  fan  test: 
Fig.  6  for  a  test  on  the  suction  and  Fig.  7  for  a  test  on  the  discharge. 
Fig.  8  is  from  a  photograph  showing  the  actual  arrangement  of 
apparatus  under  test. 

19  By  using  the  pitot  tube  shown  in  Fig.  1,  where  velocity  and 
static  are  measured  practically  at  the  same  point,  and  piping  as  at 
C,  Fig.  5,  the  pressures  other  than  that  due  to  velocity  cancel  each 
other.  The  possibility  of  the  pressure  changing  between  times  of 
reading  static  and  impact  independently  is  avoided  and  there  is  no 
subtraction  to  be  made.  The  difference  in  static  pressure  between 
the  point  of  reading  in  the  pipe  and  atmospheric  pressure  is  read  at 
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A,  the  total  at  B.     The  pitot  tube  should  point  straight  into  the 
current  of  air  to  read  correctly,  either  velocity  or  static. 

20  The  common  pressure  measuring  apparatus  for  pressures 
above  1  in.  water  gage  is  satisfactory.  For  pressures  from  1  in.  to 
2  or  3  ft.  of  water,  manometers  are  reliable  and  convenient.  Various 
forms  of  apparatus  are  used  for  measuring  pressures  of  1  in.  or  less. 
As  simple  and  reliable  a  means  as  any  is  probably  furnished  by  an 
inclined  manometer  containing  gasolene  instead  of  water.  The 
tubes  for  this  manometer  should  be  of  the  same  size,  perfectly 
straight  and  parallel  inside.  When  so  made  they  can  be  easily  used 
when  inclined  as  much  as  20  in.  slant  for  1  in.  vertical  reading,  with 
very  accurate  results.  Water  is  not  a  satisfactory  fluid  in  a  manom- 
eter inclined  more  than  three  to  one.  Gasolene  is  recommended, 
as  it  is  not  only  very  active  but  comes  accurately  to  the  same  form 
of  surface. 

21  Set  the  back  plate  by  leveling  by  bubbles  in  the  manometer 
tubes  and  then  swing  the  tubes  up  the  angle  required  to  give  a 
good  reading,  20  or  10  or  5  to  1.  In  fan  testing  for  velocity  reading 
at  different  restrictions  two  or  three  slants  may  be  used  to  cover 
the  wide  range  in  pressure  and  it  is  very  convenient  to  cover  this 
wide  range  with  the  one  gage  by  the  simple  device  of  changing  the 
angle.  Good  care  is  necessary  to  get  the  angle  correct  for  20  to 
1  and  great  care  for  40  to  1. 

22  At  40  to  1  slant  for  |  in.  velocity  reading  the  velocity  is  384 
ft.,  for  0.49  in.  reading  the  velocity  is  380  ft.,  showing  that  with 
the  slant  gage  velocities  as  low  as  500  or  even  400  ft.  per  min.  may 
be  measured  satisfactorily. 

23  With  skill  and  care  the  hook  gage  gives  good  results  if  the 
pressures  do  not  fluctuate.  In  air  measuring  work  the  pressures 
usually  fluctuate  slightly  even  when  care  is  taken  to  get  the  speed 
of  fan  as  constant  as  possible.  It  is  desirable  to  be  able  to  take  the 
readings  under  these  conditions,  and  this  may  be  done  by  setting 
zero-point  of  the  measuring  slide  at  the  mean  lower  level,  and  at  the 
instant  the  level  comes  opposite  this  point,  reading  at  the  upper 
level. 

24  The  spacing  board  for  the  pitot  tube  should  be  placed  so 
that  the  tube  crosses  the  test  pipe  centrally.  On  this  board  lay  off 
AB  at  the  center  of  travel  of  the  holding  block  K  for  the  tip  at 
extreme  movement  across  pipe.  Compute  a,  h,  c,  d  and  lay  off  with 
AB  at  their  center.  Inclining  manometers  are  shown  for  pressure 
measuring,  but  other  instruments  for  this  purpose  may  be  used  if 
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preferred.  After  connecting  try  out  the  lines  of  tubing  by  noting 
if  the  liquid  lowers  in  the  manometers  after  pressure  has  been 
applied,  and  make  sure  that  the  connections  are  not  clogged.  Use 
care  to  prevent  liquid  from  being  drawn  from  the  gages  into  the 
tubing. 

25  Make  the  area  of  the  test  pipe  the  same  as  the  area  of  the 
outlet  or  inlet  connections  for  a  fan  test.  Use  well  fitted  soldered 
pipe  for  the  test.  An  ordinary  test  pipe  unsoldered  and  somewhat 
carelessly  fitted  to  the  fan  may  leak  5  per  cent  or  more  of  the  air 


Fig.  6     Correction  for  Test  on  Suction 


handled  at  h  gate,  or  even  at  f  gate,  lowering  the  pressure  corre- 
spondingly. 

26  It  is  very  essential  to  determine  the  relation  between  volume, 
the  pressures  and  the  power  required  as  the  resistance  changes. 
For  this  purpose  it  is  usual  to  gate  down  the  outlet  for  an  outlet 
test  or  the  inlet  for  an  inlet  test,  using  round  orifices  in  thin  flat 
plate.  No  air  should  escape  except  through  the  orifice.  It  is  usually 
ample  to  test  with  gates  0,  I,  f ,  ^,  f ,  f ,  and  once  the  area  of  the 
orifice.  Occasionally  a  |  gate  is  useful.  For  some  tests  the  f  and 
the  f  gates  may  be  omitted.  The  area  of  the  gate  divided  by  the 
area  of  the  test  pipe  is  the  ratio  of  opening  or  the  equivalent  orifice. 
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27  The  coefl5cient  of  efflux  is  larger  for  a  conical  outlet  than  for 
an  orifice  of  the  same  area  and  is  probably  greater  for  a  large  gate 
that  for  a  small  on  the  same  test  pipe.  However,  a  gate,  say  f , 
is  very  nearly  a  fixed  measure  of  resistance  as  above  made.  Even 
if  it  were  not  there  would  be  no  inaccuracy  due  to  this  cause  as 
the  final  curves  are  ordinarily  used,  for  the  required  ratio  of  open- 
ing is  found  from  the  required  ratio  of  pressures.  The  ratio  of  gate 
area  to  full  area  is  often  very  useful,  so  that  it  is  wiser  to  use  ratio 
of  opening  for  abscissa  in  final  curves  than  some  other  quantity 


Fig.  7     Correction  for  Tkjst  on   Discharge 


as  volume  or  ratio  of 


V.P. 
D.P. 


28  A  convenient  log  sheet  for  fan  testing  is  shown  in  Fig.  9. 
On  this  log  and  on  the  curve  sheets,  Figs.  9  and  10,  pressures  are  all 
expressed  in  inches  of  water.  The  pressure  in  the  impact  tube  or  the 
total  or  dynamic  pressure  is  marked  Dyn.  W.  G.  or  simply  D.P.  The 
pressure  in  the  static  orifice  {A  in  Fig.  5)  is  Static  W.G.  or  simply 
S.P.  The  difference  between  the  static  and  the  total  (C  in  Fig.  5) 
is  the  velocity  pressure  and  is  marked  Vel  W.G.  or  simj^ly  V .P. 
The  pressure  due  to  a  velocity  of  the  air  equaling  the  peripheral 
velocity  of  the  wheel  is  the  peripheral  velocity  pressure  or  P.V.P. 
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29  In  making  fan  tests  the  speed  may  not  be  constant  at  all 
times.  To  correct  to  a  common  speed  we  have  relations  between 
speed  and  pressure  and  power  that  have  been  fully  verified  by  test,  the 
better  the  tests  the  better  being  the  check.  See  curve  sheet  A  for  a 
good  test  showing  this  point.  These  relations  are  reasonable  and 
could  probably  be  established  by  theory.     They  are  as  follows: 


Fig.  8     Fan   Testing 


30  Under  the  same  conditions  of  resistance  to  air  flow,  density 
of  air  and  with  the  same  fan 

a  The  volume  of  air  discharged    by  the  fan  varies    as    the 
r.p.m.,  that  is 

vel.      r.p.m. 
Yel.^R.FM. 
h  The  pressures  produced  vary  as  the  square  of  the  r.p.m. 
static  total  velocity^  r.p.m.* 

STATIC  ~  TOTAL  ^  VELOCITY'  ^  R.P.M.' 
c  The  horsepower  to  drive  varies  as  the  cube  of  the  r.p.m. 
h.p.       r.p.m. ^ 

31  Friction  in  Test  Pipe.     In  working  up  a  fan  test,  a  correction 
for  friction  in  the  test  pipe  must  be  made  to  show  what  the  fan  alone 
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is  really  doing.  The  friction  pr(>ssure  oi-  i)ressiiro  to  overcome  this 
friction  may  be  10  to  15  per  cent  of  the  total  at  wide  open  gate  and 
3  to  4  per  cent  at  ^  gate. 

32  For  ordinary  round  galvanized  pipe  a  simple  and  quick  way 
to  find  this  friction  is  from  the  formula 

F=Y^^:><^' [1] 

40  XD' 
where  F  =  friction  in  inches  of  water  L  and  Z)  =  length  and  diameter 
of  romid  pipe.  Or  in  a  form  more  easily  remembered,  the  length 
of  pipe  in  which  friction  inches  equal  velocity  inches  pressure  is 
40  diameters  long.  This  rule  is  applicable  for  air  under  ordinary 
conditions  of  temperature,  pressure  and  humidity,  and  values  by 
it  check  closely  with  those  given  by  Kent. 

33  For  smooth  straight  pipe  instead  of  40  times  the  diameter 
it  may  be  60  or  more  and  for  rough  beaded  pipe  the  figure  will  be 
less  that  40. 

34  A  general  equation^  for  friction  is 

A2g 
for  any  pipe,  and 

p_4:fyLv 

2gD  

for  round  pipe 

y  =  weight  of  1  cu.  ft.  of  air 
P  =  pressure  lb.  per  sq.  ft. 
L  and  D  =  length  and  diameter  of  pipe  in  ft. 
/=  coefficient  of  friction 
f  =  velocity  in  ft.  per  sec. 
s  =  perimeter  of  section  of  pipe 

41  If  we  substitute  in  [2]  the  value  0.0067,  that  ])cing  the  coeffi- 
cient of  friction  in  ordinary  piping,  for  coefficient  of  friction  and 
0.0715  as  the  weight  of  air  we  can  derive  [1].  It  is  interesting  to 
note  that  0.0067  is  given  as  the  coefficient  of  skin  friction  for  water 
of  rather  rough  surface.  Is  the  coefficient  for  air  and  water  the  same? 
Why  should  they  not  be  the  same? 

42  Standard  Weight  Air.  It  is  important  to  have  a  standard 
weight  of  air  at  which  fan  performances  may  be  compared.  The 
density,  while  ordinarily  a  small  factor,  affects  the  results  consider- 

1  See  Churcli's  Hydi-aulics. 


[2] 
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ably,  if  oxtrcmos  an;  great,  as  with  heated  air  or  witli  cold  out-door 
air.  It  affects  the  velocity  ])ressiire,  tlu^  total  pressure  and  the 
horsepower. 

43  As  correction  to  a  standard  involves  some  labor  it  is  desirable 
to  choose  for  a  standard  a  mean  weight  so  that  the  original  data 
will  be  close  enough  without  correction  in  many  cases,  or  so  that  the 
conditions  may  be  kept  such  as  will  give  standard  weight.  Another 
reason  for  the  mean  or  ordinary  weight  is  that  such  data  as  taken 
may  be  compared  with  previous  tests,  also  that  ordinary  rough  un- 
corrected tests  may  be  compared  with  standard  tests. 

44  As  fan  tests  are  apt  to  be  conducted  indoors  with  warmed 
air  the  weight  on  the  average  for  the  year  in  the  United  States 
will  not  be  far  from  0.0715  lb.  per  cu.  ft.  This  in  fact  is  the  average 
weight  for  a  large  number  of  tests  extending  over  a  number  of  years. 
This  weight  gives  a  velocity  constant  of  4100  or 

vsl.  =  4100Vvel." 

There  is  some  advantage  in  a  short  figure  in  computations  from 
the  final  curves. 

45  To  correct  to  standard  air,  multiply  the  velocity  pressure, 

total  pressure  and  the  horsepower  of  the  actual  test  by    '- 

wt.  1  cu.  ft. 

The  velocity  will  be  the  same  as  though  found  at  the  actual  velo- 
city pressure,  but  the  static  and  total  pressure  change  as  the  density, 
changing  the  air  horsepower  and  the  actual  horsepower  in  proportion. 
45  A  fan  discharging  under  constant  conditions  as  to  speed  and 
resistance,  will  maintain  a  constant  head  and  a  constant  velocity 
of  discharge  with  changing  density.  That  this  is  so  is  apparent 
from  the  following: 

47  In  a  pipe  system  supplied  by  a  fan  running  at  a  constant 

speed  all  the  resistance  may  be  classed  as  friction  of  various  kinds. 

The  impeller  sets  up  heads,  due  to  centrifugal  force  and  to  motion 

imparted  to  the  air,  which  total  head  is  resisted  by  internal  and 

pipe  frictions. 

y2 
The  net  head  ho-{-hy-{-hi-\-ha= — [3] 

48  Density  of  the  fluid  does  not  affect  these  heads,  and  the  net 
head  for  one  density  will  be  the  head  for  all.  The  velocity  will  be 
the  same  for  all  from  the  law  of  faUing  bodies. 
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Centrifugal  head 

P  =  h,y^^      =-^- 


gr        gr 
2rv'' 


gr 


Head  due  to  motion 


hy- 


2g 


10  20  30  40  50  60  70 

ffaffo  oF Opening,  Per  Cent 


Fig.  10     Characteristic   Curves  of  a  Fan  Test 
Heads  due  to  friction  })ressure 


P  =  }U  = 


and 


A2g 


hf  or  hii=     — 

A2g 

he  =  head  due  to  centrifugal  force. 

hy  =head  due  to  velocity  and  velocity  change 


[4] 
[5] 

[6] 


[7] 
[8] 
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h{  =hcad  due  to  friction  in  case 
/ifi  =  licud  due  to  friction  in  pipe 
P  =  pressure  per  sq.  ft. 
y    =  density  or  weight  of  1  cu.  ft.  air 

49  From  this  it  follows  that  the  volume  discharged  from  a  fan 
is  the  same  at  all  densities,  other  conditions  being  the  same.  This 
is  probably  true  for  all  fluids,  since  the  coefficient  of  friction  seems 
to  be  the  same. 

50  A  thoroughly  good  way  of  making  the  results  of  a  fan  test 
available  and  useful  is  to  plot  characteristic  curves,  as  in  Fig.  10. 


50O         600         700  800         900         1000         1100         1200         \300        1400         1500 

Revolutions  per  Minute 


Fig.  11     Preliminary  Curves  of  Fan  Test 


51  The  original  readings  are  first  corrected  to  one  common 
speed,  if  the  speed  has  varied  through  the  test,  as  it  is  likely  to  do 
from  belt  slip.  These  data  at  a  common  speed  are  then  plotted  on 
a  preliminary  curve  sheet  similar  to  the  curve  sheet  in  Fig.  11,  but 
with  the  ratio  of  opening  plotted  as  abscissa  instead  of  r.p.m.  On 
this  sheet  correction  can  be  made  to  standard  weight  air  and  for  pipe 
friction.  This  preliminary  set  of  curves  will  usually  show  up  a 
mistake  in  observation  or  in  computation.  From  this  curve  sheet 
practically  any  fan  problem  may  be  solved  for  fans  of  that  kind. 
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Of  course  the  other  fans  of  the  line  must  be  kept  in  proportion  to 
the  one  tested  to  get  the  result. 

FORMULAE    AND    CALCULATIONS    USED    IN   TESTS 

52  Bernouilli's  theorem  states  that  the  sum  of  all  the  pressures 
of  a  fluid  at  one  section  of  a  system  of  smooth  piping  equals  the 
sum  of  all  the  pressures  at  any  other  section,  pipe  friction  being 
cared  for  by  the  difference  in  friction  pressures. 

53  If  a  fluid  motor  be  introduced  between  the  two  sections 
where  pressures  are  taken  it  will  create  a  difference  in  pressure. 
This  difference  in  pressure  times  the  volume  of  fluid  passing  through 
the  motor  times  the  constants  for  heaviness  of  fluid,  area,  etc., 
gives  the  horsepower  produced  by  the  motor,  or  given  to  it  if  power 
is  being  taken  from  the  fluid.  But  for  the  pressure  caused  by  the 
motor,  the  sums  of  pressures  at  the  two  sections  would  be  equal. 


cu.jft.  r_/ //_^^__^._j.^  )  +  (7"+^S"+F") 

ist.  L  \ 


h.p. 


const. 

^     h.p [9] 


const.  L 

cu.  ft.  X  difference  in  pressure  X  62.3 

33000  12~ 

cu.  ft.  X  difference  in  pressure 


=  air  h.p. 


air  h.p. 


6356 

«;"  =  velocity,  in.  suction 
s"  =  static,  in.  of  water 

/"  =  friction,  in.  from  fan  inlet  to  measurement  on  suction 
F"  =  velocity,  in.  water  in  discharge 
>S"  =  static,  in.  water  in  discharge 

F"  =  friction,  in.  at  discharge  from  point  of  measurement  to 
fan  (see  Fig.  5) 
When  the  friction  heads  F"  and  /"  are  considered  as  belonging  to 
the  air  motor,  then 
cu 


—  rF"  +  .S"  +  s"-z;"l  =  air  h.p. 
»nst.  L  J 


[10] 
const. 

54    When  the  discharge  pipe  and  suction  pipe  are  of  the  same 
diameter  V"  —  v"  =  Q  and  equation  [10]  becomes 

^JL^[  S"+s"l  =  air  h.p [11] 

const.  L  J 
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55  It  is  quite  usual  in  buying  and  selling  fans  to  understand 
that  a  certain  effect  on  discharge  shall  be  produced;  that  is,  such  a 
volume  and  pressure  in  discharge  pipe. 

56  AVhen  the  work  sold  for  is  to  be  done  on  the  discharge  side 
the  inevitable  friction  loss  in  drawing  air  through  the  inlets  is  not 
to  be  measured  in.  It  is  not  wanted  although  as  in  the  case  of  some 
single  inlet  fans  it  may  be  a  very  appreciable  factor.  Large  inlets 
reduce  it.    For  this  case, 


cu 
const 


and 


^  y"+>S"+i^"   =air   h.p.    on   discharge   side.... [12] 

list.  L  J 


O  IT*     Yy    Y) 

=  Efficiency    for    discharge    side 


h.p.  to  fan 

For  a  fan  that  does  its  work  on  the  suction  side  with  a  short  outlet 
on  the  discharge  the  same  size  as  the  inlet,  a  usual  arrangement, 
we  have 

^^^•\  v_|_o  +  0  +  .s"+/"-?)"  Uair  h.p.  from  [9],  or  when  V"  =  v\.[l3] 
const.  L  J 

[s"-\-f"   =air  h.p.  on  suction  side [14] 
J 

If  it  is  agreed  to  use  an  expanding  or  enlarged  outlet  such  as  the 
chimney  of  mine  fans,  equation  [13]  with  V"  due  to  velocity  at 
the  outlet  of  the  chimney  should  be  used. 

57  It  might  be  agreed  to  sell  for  work  on  the  suction  side  alone, 

then -s" +/"  —  ?;"=  air  h.p.  and  it  would  be  up  to  the  fan 

const.  L  J 

maker  to  reduce  V"  as  much  as  possible. 

58  When  a  fan  is  to  do  work  on  both  sides  the  equations  [9], 
[10]  and  [11]  ought  to  be  used  to  measure  the  air  h.p. 

59  A  cone  on  outlet  will  not  increase  the  efficiency  of  a  fan  but 
will  decrease  work  to  be  done,  that  is,  the  same  volume  of  air  can 
be  moved  through  the  same  resistance  by  less  power,  the  speed 
being  a  little  slower.  ^_ 

60  For  air  measuring  work  the  formula  y  =  V  2gh  may  be  written 


,    vel  "  W  G 

y=1097\l  •    [15] 

^  wt.  cu.  ft.  air 


i35g 
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When  head  due  to  velocity  is  expressed  in  its  equivalent  inches 
water  gage  readings,  and  V  =  Vel.  in  ft.  per  min. 
y  =  4100  V  V"  W.G.  for  standard  weight  air  of  0.0715  lb.  per  cu.  ft. 

AVERAGE   VELOCITY   OF   FLOW   IN   A   PIPE 

61     The  velocity  is  least  at  the  surface  of  the  pipe  because  of 
skin  friction.    In  a  square  pipe  the  mean  of  the  velocities  and  of  the 


^PitofTube 


%  Horizontal  I  Position 
\  Pi  f of  Tube 


109  8  7     6 


Fig.  12     Setting  Pitot  Tube 


pressures  taken  at  the  center  of  a  large  number  of  equal  squares 
into  which  the  pipe  is  divided,  is  the  average  velocity  and  pressure 
in  the  pipe.  In  the  case  of  a  round  pipe,  divide  into  equal  annular, 
areas,  and  for  each  read  at  a  point  where  the  area  inside  equals 
the  area  outside  (see  Fig.  12).  A  convenient  rule  for  obtaining 
diameters  of  circles  is  as  follows: 

02     Divide  the   diameter  of  the  air  pipe  by  the  square  root  of 
twice  th(>  numl)cr  of  readings  to  be  made  from  the  circumference 
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to  the  center  for  the  diameter  of  the  smallest  circle.    Multiply  this 

reading  by  "^3,  ^5,  etc.,  for  diameters  of  larger  circles.    For  example, 

483^  ,-     ,- 

for  48i^  diameter  of  pipe  and  eight  readings   /  =  1 7|  X  "^3^    V  5^ 

z  X4 

etc.  =  29|,  38j,  etc.    This  is  done  very  readily  on  the  slide  rule  by 

dividing  the  diameter  pipe  found  on  the  lower  scale  by  the  square 


,'////////////////////, 


< 10  to  14  D ''^ \. 


6to8Dforan 


'''"^^---\-6ivBDtoFan 


J^Safesg^^g^  _  ^ gfo  8D  to  Fan 


^ 


7777777:V7777777777777> 

Fig.  13     Length  for  Test  Pipe  on  Suction 


TEST  IN    DISCHARGE   PIPE  20  DIAMETERS  LONG.      READINGS  Y%   IN.   LENGTH 

FROM    FAN 


Position  of  pitot  tube  across  pipe. 
Velocity  pressure  in  test  pipe,  in. 
Velocity,  ft.  per  min 


1 

2 

3 

4 

5 

6 

7 

8 

9 

0.730 

0.885 

0.990 

1.025 

1.000 

1.075 

1 .  055 

1.022 

0.925 

3503 

3850 

4080 

4150 

4222 

4260 

4220 

4150 

3950 

10 
0.6S0 
3380 


Mean  velocity  pressure  in  test  pipe, 0.9447  in.;  mean  velocity,   3976.5  ft.  per  min. 
4100  XV  0.9447  in.  =3985  ft. 


root  of  the  numbers  found  on  the  slide.  Without  moving  the  slide 
multiply  by  "*^  3,  "^  5,  etc.,  which  roots  are  also  found  on  the  slide. 
63  This  rule  may  be  demonstrated  as  follows:  Divide  the 
annular  rings  in  two  by  a  vertical  line  through  the  center.  (See 
Fig.  12.) 

Total  area  =  ^  =  -Z)2 
4 

Circle  d  contains  two  of  the  equal  areas  of  the  20  into  which  D  is 
divided. 
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a  =  area  of  small  circle  =  — 

4 

TT     •*  «  ^ 

Unit  area  -  =  — 
2     20 

A=^X20=10a, 

10^2  =  2)2 
since  the  area  of  a  circle  varies  as  the  square  of  the  diameter. 

i)2 

"*      10 
D 


^'lO 

64  Since  in  equation  [15]  the  velocity  changes  as  the  square 
root  of  the  velocity  water  gage  the  velocities  should  be  computed 
for  each  unit  area  and  those  averaged.  The  error  is  small,  however, 
if  the  velocity  be  computed  from  the  average  of  the  velocity  inches, 
ordinarily  being  less  than  1  per  cent  from  this  cause. 

65  There  are  usually  irregularities  of  flow  in  air  entering  a 
pipe  and  if  it  is  the  discharge  from  a  fan  the  irregularities  may  be 
considerable;  if  an  inlet  pipe  there  will  be  less  and  if  fitted  with 
cone  inlet  there  will  be  considerably  less  irregularity  of  flow.  This 
irregularity  becomes  less  away  from  the  pipe  inlet  and  in  8  to  12 
diameters  in  the  case  of  fan  discharge  and  in  straight  pipe  good 
pitot  tube  readings  may  be  taken.     (See  Fig.  13.) 

66  For  accurate  measurement  it  is  recommended  that  both 
vertical  and  horizontal  readings  across  the  pipe  be  taken  rather 
than  either  alone,  especially  if  there  has  been  a  bend  in  the  pipe 
or  if  the  pipe  is  the  discharge  from  a  fan. 


APPENDIX 
CALIBRATION  OF  STATIC  AND  IMPACT  ORIFICES 

67  This  calibration  was  made  by  revolving  the  various  tips  at  the  end  of  a 
slender  arm  and  noting  the  speed  and  the  pressures  at  the  axis.  The  arm  was 
made  of  brass  tubing  ^  in.  and  |  in.  in  diameter,  sweated  together.  Stay  wires 
were  used  to  give  it  rigidity,  as  shown  in  Fig.  2,  and  the  tubing  was  fastened 
to  its  countershaft  by  the  set  screw  of  the  collar  through  which  the  larger  tube 
fastens.  The  different  tips  tried  were  soldered  to  the  end  of  this  arm.  A  very 
small  air-tight  connection  or  stuffing  box  at  the  axis  was  afforded  by  a  |-in. 
brass  tube  projecting  from  the  larger  tube  along  the  axis  and  having  a  ring  of 
greased  candle  wicking  on  it  against  which  the  cone  end  of  a  larger  tube  was 
pressed,  the  small  tube  revolving  in  it.  The  arm  was  counterweighted  at  W. 
Care  was  taken  to  press  on  the  outer  tube  only  hard  enough  to  keep  the  connec- 
tion tight. 

68  The  revolutions  were  counted  by  a  hand-speed  counter  at  the  other 
end  of  the  shaft,  usually  for  two  or  three  minutes.  The  length  of  arm  was  measur- 
ed from  axis  to  center  of  orifice  by  steel  scales.  The  shaft  was  driven  by  an 
automatic  engine  having  no  other  load  so  that  the  speed  was  very  steady  and 
uniform. 

69  Pressure  was  taken  by  a  vertical  water  manometer  of  large  tube  area 
(0.45  in.  inside  diameter),  in  most  of  the  runs.  An  inclined  gasolene 
manometer  was  used,  in  those  of  small  head  the  reading  being  corrected  to 
the  head  of  water.  Temperature  and  humidity  were  taken  in  the  room  not  far 
from  the  arm. 

70  The  i-in.  tubes  at  the  end  of  the  arm  which  were  used  in  all  the  runs 
except  the  last  four  projected  forward  from  the  arm  about  3^  in.  and  backward 
about  2J  in.  The  static  holes  in  the  sides  were  about  2  in.  ahead  of  the  arm. 
Different  tubes  were  used  but  were  adjusted  alike,  being  soldered  to  the  corner 
braces  and  pipe. 

71  Air  being  elastic,  that  portion  nearer  to  the  shaft  presses,  due  to  centrif- 
ugal force,  on  the  air  further  out  in  the  tube  compressing  it  slightly.  Therefore 
the  outer  portion  of  the  air  in  the  tube  is  slightly  more  dense  than  the  inner, 
and  this  varying  density  makes  it  necessary  to  go  to  calculus  for  a  solution. 

72  For  an  inelastic  fluid  the  computation  would  be  very  much  simpler, 
and  for  a  rotating  column  of  unit  area  it  would  be  as  follows: 

ivv-       wiir2rny     2ry{w2rny 

Centrifugal  force  (pressure  per  sq.  ft.)  =  — ■  •=  = ■ 

gr  gr  gr 
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w    =  total  weight  of  fluid  in  lb. 
V     =  velocity  in  ft.  per  sec. 

jr  =  gravity 

r  =  radius  to  center  of  gravity 

y  =  weight  per  cu.  ft.  of  fluid 

71=  revolutions  per  second 

DIFFERENCE     IN     PRESSURE     BETWEEN    THE    ENDS    OF    A    REVOLVING 
RADIUS    OF    ELASTIC    FLUID 

73  Assume 

PV  =  constant 

p    =  pressure  hi  lb.  per  sq.  ft.  at  any  intermediate  point,  variable 

Po  =  pressure  in  lb.  per  sq.  ft.  at  axis  due  to  the  atmospheric  pressure 

Pt  =  pressure  in  lb.  per  sq.  ft.  at  the  free  end  of  the  radius — at  tip 

W  =  weight  per  cu.  ft.  of  elastic  fluid,  variable 

Ti^o  =  weight  per  cu.  ft.  of  elastic  fluid  at  atmospheric  pressure 

A'    =r.p.m. 

R    =  radius  in  ft. 

Ro  minimum  radius 

Ri  =  maximum  radius 

Ba  =  barometer  at  time  of  experiment 

74  For  a  very  short  radius  of  elastic  fluid 


\     2    60/ 


and  as 


WR  V     2    60;  ^  2^'WR^N^ 
gXR  y  X  3600 

2 

2  X  2-irWN^  ^ 

dp  = RdR 

^       g  X  3600 


W  Wo 


p      62.3  X  Ba  X  13.61 

12  ~ 

4^2  X  l2WoN-pRdR 

dp  = ^^-^ =  C  X  pRdR 

y  X  3600  X  62.3  X  13.61  X  Ba  ^ 

-  =  CRdR 
V 

Pi  Ri 


J  ^'■J  "'■ 


dR 

Po  Ro 


inte  grating 


Po    2 
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when  Rt  =  Ro,  Pt  =  Po  and— ^  =  1.  Log  of  l=o  and  for  this  (R\—Rl)=o, 

'  o 

K  must=o.    As  loge  =  common  log  X  2.302585  we  have 
C 


common  Jog  —  =  - 

Po     2  X  2.302585 


(Ri-Rl)^ 


lis] 


Pt 

Po 


is  the  ratio  of  pressure  at  the  ends  of  radius  and  may  be  expressed  in  any 


units  of  pressure  or  head. 

C  2Xir'Xl2XWoXN' 


2X2.302585     2.302585  X?X3600X62.3X  13.61  X5a 

No.  log 

2  0.301030 

x^  0.4971498 

0.4971598 
1^79181_ 
2.3745106 
8.354175 


12 


=0.0000010479 

No. 

2 . 302585 
32.16 
3600. 
62.3 
13.61 


W^XN^ 
Ba 

log 
0.362210 
1.507316 
3.556303 
1 . 794488 
1.133858 
8.354175 


0.0000010479 6.0203356 

Equation  [18]  with  numerical  constants  is 

mercury 


1      ^t     1     ill 
common  log  —  =log— 


=  0,0000010479 


WoN^R^, 


Ba  Be 

75  Im-pact  Orifice.  When  the  pressure  at  the  axis  is  atmospheric,  or  zero 
on  the  manometer  then  the  common  log  of  pressure  at  the  tip  in  inches  of  mer- 
cury is 


W  N^R 
0.0000010479-^ ^"-flog  Ba. 

Ba 


[19] 


The  number  corresponding  to  log  5a+the  numerical  factor,  the  second  part  of 
equation  [19]  less  the  barometer  pressure  is  the  difference  in  pressure  between 
the  two  ends,  or  the  centrifugal  head. 

76  Static  Orifice.  If  a  static  orifice  is  correct  the  pressure  inside  the  tip  = 
pressure  outside;  or  atmospheric,  at  all  velocities  of  air  past;  then  suction  k 
on  the  manometer  at  the  axis   =   centrifugal  head  in  the  arm.     For  this  case 


W  N^R^ 

log  pressure  at  tip  =0.0000010479—^ '+log  (Ba- 

Ba 


■K). 


[20] 


and  the  number  corresponding  to  the  second  part  of  equation  [20]  less  the  pres- 
sure at  the  axis  (Ba—K)  is  the  centrifugal  head,  A'  and  Ba  of  course  being  ex- 
pressed in  the  same  unit  of  pressure  as  mercury. 

77  Impact.  Of  the  runs  for  impact  the  first  nine  were  with  a  fan  drawing 
away  the  disturbed  air.  Of  these  the  ones  with  full  gate  were  affected  only  very 
slightly,  if  at  all,  by  the  air  motion  due  to  the  rotating  arm.  This  point  was 
determined  by  testing  with  smoke.  The  air  travel  toward  the  inlet  was  probably 
never  anywhere  more  than  300  ft.  per  min.  At  the  smaller  gates  there  was, 
however,  some  motion  of  the  air  with  the  arm  so  that  the  runs  with  full  gate 
deserve  more  consideration  that  those  at  small  gate. 
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78  Another  minor  source  of  trouble  was  the  tendency  of  the  stuffiing  box 
to  heat  the  air  in  the  tube  sHghtly.  This  was  largely  overcome  by  the  very 
small  size  and  by  care  to  use  soft  grease  freely  on  the  wicking,  also  by  not  press- 
ing the  outer  tube  against  the  wicking  harder  than  necessary.  Between  runs 
outside  air  was  allowed  to  replace  the  warmed  air,  but  doubtless  the  results 
are  affected  very  slightly  by  the  air  in  the  tube  being  a  little  warmer  than  that 
in  the  room.  The  brass  tube  of  the  arm  always  felt  as  cool  after  a  run  as  before. 
Warming  of  the  brass  tubes  of  the  stuffing  box  to  as  slight  an  extent  as  5  is  notice- 
able to  touch  at  these  temperatures. 

79  An  increase  of  10  deg.  in  temperature  in  run  No.  8  without  change  of 
moisture  in  the  air  in  arm,  changes  the  computed  centrifugal  head  from  4.905 
in.  at  room  temperature  to  4.825  in. 

80  Of  the  first  nine  runs  only  No.  6  at  the  highest  speed  shows  a  negative 
pressure  in  the  water  manometer  used,  when  the  fan  was  fully  open.  With 
the  smaller  gates  the  readings  were  slightly  negative.  The  mean  of  these  runs 
is  0.9991  for  the  pressure  in  the  tip  divided  by  the  pressure  due  to  velocity. 
However,  considerably  more  weight  must  be  given  the  runs  with  full  gate. 

If  the  runs  with  the  smaller  gates  be  left  out  then  the  pressure  in  the  tip  ex- 
ceeds that  due  to  velocity  by  an  amount  that  would  have  been  noticed  and 
measured,  for  the  water  levels  in  the  manometer  used  were  steady  and  the  con- 
ditions good.  It  is  believed  that  the  slight  rise  in  temperature  of  the  air  in  the 
tubes  accounts  for  the  observed  pressure  being  slightly  less  than  the  computed. 

81  Runs  Nos.  10  to  18  inclusive  were  all  made  without  the  fan  to  draw 
the  disturbed  air  away.  Nos.  10  and  11  show  a  comparison  of  a  flat  impact 
point  Y6  in.  in  diameter  with  a  hole  in  the  center  about  re  in-  in  diameter  with 
the  same  tip  used  in  the  first  runs,  marked  Std.  Nos.  12  and  13  compare  a  i-in. 
open  brass  tube  with  end  filled  square  with  Std. 

82  Nos.  14  to  17  were  with  the  back  end  of  the  tip  open  (see  B  in  Fig.  2), 
using  four  forms  of  opening.  No.  18  is  given  to  show  about  what  air  motion 
the  arm  set  up  for  these  runs.  These  readings  are  given  because  nearly  every 
one  interested  in  the  pitot  tube  sooner  or  later  wants  to  know  what  this  suction 
is.  The  suction  evidently  depends  for  one  thing  on  the  shape  of  the  orifice  and 
the  tip. 

83  In  No.  18  the  pressure  due  to  velocity  may  be  found  from  the  velocity 

of  tip  less  the  air  motion 

41.67  in.  X  5r  2  X  507 
Tip  velocity  =  rr =  11080 

Air  motion  in  path  and  moving  with  tip  =     245 


Velocity  of  impingement  on  tip        =  10835 


From 


velocity,  ft.  =  1097.  I  velocity  pressure 

\   weight  1  cu.  ft.  air 

/10835\» 

I  =7.02  in. 

\  4085/ 

which  is  the  velocity  pre.ssure  due  to  the  relative  velocity  of  the  tip  to  the  air 
in  inches  of  water.  The  centrifugal  heads  in  column  B  were  computed  by  loga- 
rithms by  the  jnethod  in  Par.  74  except  that  the  final  head  in  inches  of  mercury 
was  multiplied  by  13.61  by  slide  rule. 
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84  For  computation  of  centrifugal  head  for  the  static  runs  pressure  at  the 
axis  is  Ba  —  k,  if  the  pressure  in  the  tip  is  atmospheric,  and  the  mean  density 
in  the  arm  is  slightly  less  than  for  the  impact  runs,  since  for  the  impact  runs 
pressure  at  the  axis  is  very  nearly  atmospheric. 

85  It  can  be  shown  that  the  pressure  due  to  impact  on  the  tip,  Fig.  2,  would 
exactly  equal  the  centrifugal  head  if  the  fluid  in  the  arm  were  of  uniform  density. 

86  Static.  kStatic  runs  Nos.  19  to  33  are  with  good  forms  of  static  orifice. 
It  is  thought  that  the  two  sets  of  runs  22  to  26  and  32  and  33  deserve  to  carry 
greater  weight  than  the  others.  However,  the  mean  of  all  for  pressure  in  tip 
divided  by  the  centrifugal  head  is  0.00625.  It  is  evident  by  comparing  the 
first  part  of  these  runs  with  the  last  that  the  holes  are  small  enough  so  that  the 
static  does  not  depend  on  the  inner  tube  in  any  way. 

87  The  static  orifices  are  simply  holes  0.02  in.  in  diameter  drilled  through 
the  tubing  which  was  about  0.03  in.  thick.  The  holes  were  clean  and  the  outer 
edges  square,  the  little  burr  being  carefully  filed  off. 

88  Runs  Nos.  34  to  37  are  with  slotted  static  orifice.  The  outer  tube  was 
about  0.4.  in.  in  diameter,  its  inside  diameter  being  about  0.28  in.  With  no  inner 
tube  the  results  are  poor  even  with  this  thick  tube.  With  an  inner  tube  central 
and  fitting  the  outer  within  about  0.015  in.  the  result  was  fairly  good,  but  when 
the  inner  tube  was  made  0.02  in.  smaller  in  diameter  the  result  was  poor  again. 
It  is  very  interesting  to  know  that  when  fine  mesh  wire  cloth  was  wrapped  around 
the  tube  outside  the  slots  the  results  are  good  and  agree  with  those  from  the  small 
drilled  holes.    Just  how  accurate  the  gauze  static  would  be  was  not  found. 

89  By  comparison  with  standard  static  in  air  flowing  in  a  pipe  the  results 
are  found  to  be  considerably  worse  with  a  thin  outer  tube  than  with  a  thick 
one  using  the  same  inner  tube.  An  instrument  with  2^-in.  slots  ys  in-  wide 
in  f  in.  tubing  ^2  in.  thick  and  with  a^  in.  inner  tube  gave  static  pressure  read- 
ings 14  per  cent  of  the  velocity  pressure  too  high. 

90  By  comparison  in  this  way  it  was  also  found  that  holes  i^  in.  in  diameter 
in  the  J  in.  regular  tip  which  is  ^  in.  thick  give  poor  results. 


THE  PRESENT  STATE  OF  DEVELOPMENT  OF 
LARGE  STEAM  TURBINES 

By  a.  G.  Christie,  Published  in  The  Journal  for  May 
ABSTRACT  OF  PAPER 

This  paper  deals  with  tlie  present  state  of  development  of  leading  types  of 
large  steam  turbines,  some  details  of  construction,  the  commercial  results  ob- 
tained and  some  new  uses  to  which  steam  turbines  have  been  put.  It  also  points 
out  the  probable  tendencies  of  steam-turbine  development. 

For  the  purposes  of  discussion,  large  steam  turbines  are  divided  into  two  types, 
fundamental  and  modified  or  combined.  The  weak  elements  of  the  fundamental 
types  are  discussed  and  the  advantages  of  the  new  types  pointed  out.  Some 
new  constructions  are  shown  in  section. 

The  details  of  construction  are  discussed  fully.  A  table  with  brief  notes  on 
the  details  of  construction  of  individual  types  is  included  for  rapid  comparison  of 
the  practice  of  various  manufacturers.  The  different  types  are  also  compared 
on  the  basis  of  efficiency  as  shown  by  published  results  of  tests. 

The  present  status  of  low-pressure  turbines,  turbo-compressors,  turbo-driven 
pumps,  geared  turbines  and  marine  turbines  is  discussed  briefly.  The  closing 
paragraphs  deal  with  the  probable  trend  of  steam  turbine  development  and 
future  possibilities. 

CLOSURE' 

The  Author.  In  the  discussion  it  has  been  held  that  as  high 
an  efficiency  ratio  cannot  be  obtained  with  high  vacuum  and  low 
superheat  as  with  moderate  vacuum  and  high  superlieat.  This  is 
probably  true  of  the  Curtis  turbine,  since  it  does  not  apparently 
utilize  high  vacuum  as  economically  as  other  types,  which  was 
pointed  out  in  the  paper  itself.  This  is  therefore  a  characteristic 
only  of  this  t5'])e  of  turbine. 

If  a  turbine  is  designed  for  a  large  amount  of  available  energy 
there  is  no  reason  why  fully  as  high  an  efficiency  ratio  shouhl  not 

'The  discussion  was  imliiislicd  in  The  .Journal  for  August. 
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be  obtained  as  A\ith  a  small  anioiiiit  of  available  energ}^  Suf- 
ficient data  is  not  at  hand  to  -warrant  a  general  statement  for  all 
tvpes  that  such  conditions  as  above  referred  to  cannot  be  ful- 
fiUed. 

In  regard  to  the  increasing  use  of  the  efliciency  ratio  as  a  meas- 
ure of  steam  turbine  econonjy,  it  is  interesting  to  note  that  a  lead- 
ing European  firm  includes  a  statement  in  their  steam  turbine 
specifications  to  the  effect  that  should  the  steam  or  vacuum  con- 
ditions at  the  time  of  the  tests  vary  from  those  specified,  the 
efficiency  ratio  of  the  unit  shall  not  exceed  that  represented  by 
the  guarantee. 

The  autlior  recognizes  that  the  efliciency  ratio  alone  does  not 
provide  all  the  information  desirable  for  a  given  turbine,  but 
when  used  in  conjunction  with  specified  steam  and  vacuum  con- 
ditions, it  ])rovides  the  most  reliable  index  of  the  actual  per- 
formance of  the  steam  turbine. 

It  is  very  gratifying  to  note  the  attention  given  to  the  present 
uncertain  state  of  steam  turbine  ratings.  It  is  to  be  hoped  that 
the  Committee  on  Power  Tests  of  the  Society  will  bring  in  an 
early  report  on  this  subject  and  fix  certain  standards  of  rating. 

Objections  have  been  raised  to  the  Erste  Briinner  tests.  Be- 
fore including  these  in  Table  2,  inquiry  was  made  as  to  their 
reliability.  The^e  tests  were  conducted  by  Prof.  K.  Koerner,  one 
of  the  most  prominent  of  Austrian  engineers,  who  substantiated 
the  figures  quoted. 

Mr.  H.  Zoelly  presented  a  paper^  at  the  1911  m.eeting  in  Zurich, 
Switzerland  of  the  Institution  of  Mechanical  Engineers  in  which 
he  made  the  statement  quoted  in  Par.  51.  He  gave  his  reasons 
foi-  such  an  o])inion  and  also  presented  results  to  verify  his  state- 
ments. An  abstract  of  this  paper  was  printed  in  Engineering, 
April  29,  1911,  and  can  be  referred  to  by  those  interested. 

Mr.  Crissey  ])i'esents  a  very  excellent  classification  of  steam 
turbines.  ITowevei-,  for  the  ])urpose  of  this  paper,  the  autlior 
preferred  to  classify  turl)ines  not  so  nuich  as  piire  theoretical 
types,  l)ut  under  a  classification  of  names  and  types  with  which 
engineers  in  general  are  familiar,  hoping  thereby  to  avoid  con- 
fusion. 

There  seems  to  be  a  diversity  of  opinion  regarding  blade 
erosion  in  Curtis  turbines.     Some  users  have  reported  serious 

^  Stoiiin-Tnrbiues,  Proc.  I.  Medi.  Ki);j;rs.,  J911,.No.  li,  p.  G81. 
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erosion  in  much  less  time  than  Mr.  Mover  quotes.  These  diffi- 
culties are  being  steadily  overcome  by  improveu  ents  in  design. 

Regarding  Mr.  Ilodgkinson's  statement  concerning  blade 
troubles,  the  author  fails  to  recall  in  his  own  experience,  under 
ordinary  conditions  of  operation,  a  case  of  blade  failure  due  to 
centrifugal  force  alone. 

The  value  of  test  results  supplied  by  manufacturers  has  been 
criticised.  There  have  been  cases  in  the  past  where  such  results 
have  been  questionable,  but  in  general  manufacturers  now  find 
it  advisable  to  publish  onl}^  such  tests  as  represent  the  actual  and 
usual  performance  of  their  machines.  It  is  frequently  the  case 
that  steam  turbines  sold  subse(juent  to  the  publication  of  such 
tests  must  operate  Avith  the  same  degree  of  economy  as  repre- 
sented by  the  test  results. 

The  corrections  for  Table  1  given  by  Mr.  Hodgkinson  are  very 
welcome,  bringing  the  data  presented  strictly  up  to  date.  The 
description  of  the  new  type  of  Westinghouse  blading  is  also  of 
considerable  interest  to  engineers. 

In  connection  with  Dr.  Stodola's  tests  of  a  Sulzer  turbine 
quoted  b}'^  Mr.  Moyer,  it  was  the  author's  impression  when  visit- 
ing Sulzer's  works  that  while  their  Diesel  engines  probably  ex- 
celled all  other  makes,  their  steam  turbines  were  not  representa- 
tive of  the  best  advanced  practice  in  Curtis-Parsons  construction, 
oAving  to  characteristics  of  general  design  and  particularly  to 
their  Parsons  blading.  This  blading  was  much  heavier  in  sec- 
tion than  the  usual  form,  and  was  not  shrouded  or  otherwise  re- 
inforced. The  tests  quoted  amply  bear  out  this  impression,  and 
the  author  believes  that  such  results  should  not  be  considered  as 
typicall}^  representative  of  the  whole  class  of  Curtis-Parsons  tur- 
bines. 

The  test  results  presented  by  Mr.  Emmet  for  Curtis  turbines 
show  decided  improvements  in  design  over  the  earlier  Curtis  tur- 
bines in  Table  2,  but  still  do  not  exceed  the  Curtis-Parsons  or 
Curtis-Rateau  results.  Talile  4  presents  some  results  of  tests 
which  were  available  subsequent  to  the  preparation  of  Table  2, 
and  which  show  some  remarkable  performances  of  Zoelly  tur- 
bines. The  Bellis  and  Morcom  tests  were  on  some  of  their  earlier 
macliines,  and  it  is  reasonable  to  expect  considerable  improve- 
ment in  units  now  under  construction.  The  results  obtained  by 
tiic    LjiiMgsti'om    tui-bincs    arc    reniai'kable    for    high    efficiency. 
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The  (losii^n  of  the  details  of  tliis  turbine  shows  a  higli  degree  of 
origiiKilily  on  tiie  part  of  the  iinentor.  The  turbine  is  said  to 
l)e  very  cheap  to  bnihl,  but  before  putting  it  on  the  American 
market  many  parts  Avonhl  have  to  be  simplified  and  improved, 
particular!}^  the  bearings,  steam  packing  and  blade  holding  rings. 
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By  C.  M.  Garland,  Published  in  The  Journal  for  June 
ABSTRACT  OF  PAPER 

The  paper  describes  the  apparatus  and  general  arrangement  of  bituminous 
coal  producers  as  designed  for  power.  The  scrubbing  apparatus  is  described  in 
detail,  data  given  on  its  efficiency,  and  the  amount  of  solid  matter  dehvered 
in  the  gas.  Data  on  the  efficiency  of  the  plant,  composition  of  the  gas,  and 
operating  costs,  together  with  brief  discussions  on  these  items  are  also  included. 
Figures  for  the  first  cost  and  operating  costs  at  full  load  for  a  1200-b.h.p.  plant 
are  given  in  such  a  way  as  to  make  them  applicable  to  different  conditions  of 
fuel  and  load. 

CLOSURE  1 

The  Author.  Regarding  the  question  of  the  low  grade  fuels 
high  in  ash,  brought  up  bjr  Mr.  Hood,  the  writer  would  state  that 
ill  (his  country  at  the  present  time  there  are  producers  operating 
on  fuels  containing  as  high  as  ^2  to  23  per  cent  of  ash.  These  are 
principally  anthracite  fuels  and  the  producers  that  have  proved 
successful  in  using  these  fuels  are  of  the  rotating  table  type,  in 
which  an  ash  bar  rakes  the  ash  fi-om  the  table,  dropping  it  into  a 
water  seal  or  a  cone  bottom.  It  is  quite  probable  that  this  same 
type  of  producer  will  use  fuels  successfully  that  contain  ash  up 
to  30  and  40  per  cent. 

The  CH^  as  given  in  tlie  ]:)aper  in  the  different  analyses,  was 
carefully  determined  and  the  writer  feels  that  the  results  are  ac- 
curate for  two  reasons.  First,  the  calorific  value  of  the  gas,  as 
calculated  from  the  analyses,  checked  within  about  1  per  cent  of 
the  calorific  value  of  the  fuel  as  carefully  determined  by  a  Jun- 
kers calorimeter.  This  would  indicate  that  no  serious  error  was 
made  in  the  determination  of  the  CH^.     The  carbon  monoxide 

^  The  discussion  was  published  in  The  Journal  for  August. 
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was  absorbed  in  three  successive  pipettes,  so  that  there  is  every 
reason  to  believe  that  essentially  the  last  trace  of  this  constituent 
was  removed.  The  writer  has  conducted  a  number  of  investiga- 
tions on  the  accurac}^  of  the  removal  of  the  carbon  monoxide 
from  producer  gas  and  finds  that  if  reasonable  care  is  exercised 
in  the  analysis  there  is  no  danger  whatever  of  having  this  con- 
stituent appear  in  the  determination  of  the  CH^.  To  insure  this, 
ho-\ve^er,  three  pipettes  must  be  used  and  the  solution  in  the  third 
pipette  maintained  fresh. 

Referring  to  Mr.  Marsh's  remarks  regarding  the  question  of 
the  use  of  producers  for  peak  loads  of  10,000  kw.  and  over,  and 
also  to  Mr.  Dreyfus'  remarks  along  the  same  lines,  the  writer  can 
only  reply  that  under  certain  conditions  a  producer  plant  is  eco- 
nomical and  desirable  for  such  loads.  Under  ordinary  conditions, 
however,  the  large  central  station  in  cities  is  operating  under  a 
very  low  load  factor,  probably  under  50  per  cent,  and  due  to  this 
low  load  factor  the  straight  producer  plant  cannot  compete  with 
steam  turbines.  Where  the  load  factor,  however,  is  75  per  cent 
or  over,  the  producer  plant  in  practically  every  case  would  be 
more  economical  than  a  steam  plant.  For  plants  of  1000  kw.,  it 
can  be  said  at  the  present  time  there  are  a  number  of  such  in- 
stallations in  operation  that  are  producing  highly  satisfactory  re- 
sults. For  plants  of  this  size  and  with  a  load  factor  not  under  50 
per  cent  the  producer  plant  will  show  a  decided  saving  over  a 
steam  plant.  The  writer  feels  that  Mr.  Dreyfus  is  in  error  when 
he  states  that  with  the  prevailing  price  of  fuel  a  producer  is  com- 
mercially limited  to  sizes  under  1000  kw. 

Mr.  Baker's  statement  that  the  temperature  of  212  deg.  is  suf- 
ficient to  prevent  corrosion  in  exhaust  fire  boilers  is  correct,  pro- 
viding the  load  on  the  engine  is  uniform  so  that  in  the  case  of 
load  fluctuation  the  temperature  of  the  gas  will  not  be  decreased 
below  this  point.  In  actual  practice,  however,  there  is  always 
more  or  less  fluctuation  in  the  load,  so  that  the  heating  surface 
in  the  boiler  should  be  so  designed  that  the  minimum  tempera- 
ture should  be  212  deg.  This  will,  of  course,  mean  that  the  maxi- 
mum temperature  of  the  gas  leaving  the  boiler  will  be  much 
higher  than  this,  anj^where  from  220  to  300  deg.  fahr.  It  is, 
therefore,  this  practical  consideration  that  induces  the  writer  to 
state  that  the  gas  should  not  be  reduced  below  220  deg.  fahr. 
The  writer  feels  that  the  piston  cited  by  Mr.  Baker  is  a  very 
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unusual  case,  for  it  would  hardly  be  possible  to  honeycomb  a 
block  of  steel  in  diluted  sulphui-ic  acid  within  24  hours  time, 
unless  there  were  very  imusual  conditions  of  composition  exist- 
ing in  the  steel.  The  fact  that  the  steel  was  honeycombed  would 
seem  to  indicate  that  the  steel  was  not  of  uniform  composition. 
The  acidity  caused  from  the  presence  of  sulphur  in  exhaust  gases, 
so  far  as  the  writer's  experience  extends,  does  not  produce  serious 
corrosion  on  cast-iron  parts. 
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FOREIGN  REVIEW 

The  aim  of  the  Foreign  Review  is  to  present,  within  the  avail- 
able space,  the  main  data  contained  in  the  articles  indexed. 
Where  possible,  reference  is  made  to  English  or  American  pub- 
lications containing  fuller  information  on  the  subject  treated. 
Measures  are  given  Ijoth  in  original  units  and  their  English 
equivalents.  In  man}'  instances,  engravings  and  tables  are  repro- 
duced. Opinions  expressed  are  those  of  the  reviewer,  not  of  the 
Society.  Articles  are  classified  as  c  comparative;  d  descriptive; 
e  experimental ;  g  general ;  h  historical ;  m  mathematical ;  p  prac- 
tical; t  theoretical.  Articles  of  exceptional  merit  are  rated  A 
by  the  reviewer. 

Aeronautics 

Comparison  of  Experiments  with  an  Airship  and  Measurements 
MADE  on  its  Model  (Verylvich  con-  \'(ii!iic]tcn-  aaf  eiiiem  t'luyztiuy  mit  Mes- 
Hunyfu  an  dessen  Modell,  C.  Wieselsberger.  Zeits.  filr  FJugtechnik  und  Mo- 
torluft!<chiffalirt,  vol.  8,  uo.  1.3,  p.  174,  July  13,  1912.  2  pp.  3  figs.  c).  Ac- 
count of  a  paper  published  by  G.  Eiffel  in  the  "  Inanguration  du  nouveau 
hibcu'atoire  a^rodyna^mique "  on  the  comparison  of  data  obtained  from 
actual  measuremeut  on  an  airship  specially  fitted  with  proper  measuring 
appliances  and  data  obtained  in  the  laboratory  on  a  model  of  the  same 
airship  placed  in  an  artificial  air  current.  This  question  is  very  impor- 
tant at  the  present  time  in  view  of  the  installation  of  numerous  aero- 
dynamic laboratories  in  various  parts  of  the  world.  It  was  found  that 
the  values  obtain(=Hi  in  the  laboratory  are  surprisingly  close  to  those  ob- 
tained in  actual  flights,  the  two,  on  the  average  of  seven  measurements, 
being  within  1  to  2  per  cent  of  each  other,  which  is  close  enough  for  all 
practical  purposes,  and  proves  that  laws  of  flight  may  be  profitably  in- 
vestigated on  models  in  laboratories.  According  to  the  law  of  similarity, 
a  model  tested  nt  the  same  velocity  as  an  airship  of  working  size  could 
not  be  expected  to  give  absolutely  the  same  results,  since  this  Is  possible 
only  if  the  I'espective  velocities  are  inversely  proportional  to  the  length  of 
the  machines,  which  cannot  always  be  done  conveniently  because  with  Iiigh 
velocities  in  actual  flight  and  models  of  moderate  size  the  velocities  of 
air  in  the  laboratory  work  might  approach  to  that  of  sound,  and  then,  ac- 
cording to  Blasius.  the  elasticity  of  air  could  no  longer  be  neglected. 

The  article  contains  also  a  description  of  a   simple  application  of  the 
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Veiituri  tulje  for  moasiiriii.!;  tlie  vclut-Ky  of  au  airship  with  respect  to  the 
air.  The  air  flows  through  a  nozzle  (Fig.  1)  consisting  of  two  truncated 
cones,  with  a  U-sliaped  iiumometer  tube  attached  at  A  and  B  as  shown. 
The  pressure  difference  j)  is  proportional  to  the  square  of  the  velocity  of 
the  airship  with  respect  to  the  air.  The  constant  of  the  instrument  is 
determiuetl  by  calibration.  The  position  of  the  meniscus  may  be  recordetl 
by  photography. 

Air  Machinery 

Free  Air  or  CiECUi^vTiNa  Air?  (Frischluft  Oder  Zirkiilationsluft?  Oscar 
Gerold.  Dinglers  polytechnisches  Journal,  vol.  327,  no.  29-31,  July  20- 
August  3,  1912,  7  pp.  p).  Discussion  of  ventilating  problems  in  textile 
plants.  Exhaust  fans  in  textile  plants  have  the  disadvantage  of  carrying 
away  not  only  air  containing  dust  and  lint,  but  also  the  so-called  false 
air.  i.  e.  comparatively  clean  air,  the  handling  of  which  involves  unneces- 
sary loss  of  power,  besides  other  disadvantages.     A  better  system  there- 


w^ 


Fio.  1     Venturi  Tdbe  for  Meaisuring  the  Velocity  of  an  Airship  with  nESPECT  to  the  Air 


fore  appearcil  to  be  to  place  suction  apparatus  at  the  dust-producing  ma- 
chinery so  as  to  keep  the  lint  out  of  the  work  rooms.  The  air  carried 
away  by  these  apparatus  was  however  too  dirty  to  be  let  free.  It  could  be 
cleaned  either  in  rotary  strainers  or  in  filters,  the  former  delivering  air  if 
not  absolutely  pure,  at  least  clean  enough  to  be  used  Avithout  too  bad  con- 
sequences, while  the  filters  delivered  practically  pure  air.  The  exhaust 
fans  of  the  suction  apparatus  carry  however  much  more  air  than  is  really 
necessary  to  convey  the  dust,  and  while  for  hygienic  reasons  change  of  air 
three  times  per  hour  is  quite  sufficient,  the  action  of  the  exhaust  apparatus 
leads  to  the  air  being  changed  in  the  room  sometimes  as  often  as  twenty 
times  per  hour.  As  a  result  immense  amounts  of  properly  conditioned,  i.  e. 
humidified  and  heated  air  are  uselessly  blown  into  the  atmosphere,  and 
have  to  be  replaced  by  new  conditioned  air  at  a  certain  expense.  When 
filters  are  used,  the  air  is  so  pure  that  it  may  be  returned  to  the  workshop, 
with  an  addition  of  about  15  per  cent  new  air,  this  amount  being  suf- 
ficient to  provide  for  llie  three  times  per  hour  renovation  of  the  air.  The 
question  as  to  whicli  system   to  use,   free  air  with   rotary  strainer    {Zyk- 
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loncii)  or  air  of  circulation  with  filters,  is  said  to  be  a  burning  one  In 
Germany,  the  main  argument  of  the  manufacturers  of  free  air  apijaratus 
being  that  air  returue^l  to  the  workshop  from  the  filters  is  polluted  by  dust 
and  carbon  dioxide.  The  investigation  of  Dr.  Giitting,  court  chemist  in 
Breslau.  Germany,  has  shown  however  that  filtered  air  does  not  practi- 
cally differ  from  fresh  air  with  respect  to  the  contents  of  dust  and  carbon 
dioxide.  The  author  proceeds  therefore  to  compare  the  cost  of  installa- 
tion and  operation  of  both  systems  in  Germany,  and  shows  that  with  free 
air,  as  compared  with  air  of  circulation  systems,  the  initial  cost  of  this 
installation  Is  about  40  per  cent,  and  the  cost  of  operation  over  50  per 
cent    higher. 

Firing  and  Fuels 

New  Method  of  Fieing  with  Lignite  and  Lignite  Briquettes  (Ein 
neues  Verfahren  zur  Verfciuruiuj  von  Braunkohlen  und  Braunlcohlen- 
briketts,  Pradel.  Braunkohle,  vol.  9,  no.  14,  p.  200,  July  5,  1912.  1%  pp., 
2  figs.  d).  Description  of  a  new^  furnace  arrangement  patented  by  Ernst 
Loehner,  of  Jena,  Germany,  for  firing  with  lignite  and  lignite  briquettes. 
It  is  a  self-feeding  furnace  but  so  arranged  that  the  front  part  of  the 
grate  is  fully  exposed  to  view,  while  the  clinker  grate  is  set  in  the  coldest 
part  of  the  furnace.  To  make  this  possible,  the  grate  is  inclined  not  from 
the  front  part  towards  the  bridge  as  usual,  but  in  the  opposite  way,  so  that 
its  highest  part  which  receives  the  fuel  is  located  just  under  the  fire  bridge, 
and  its  lowest  part,  the  clinker  grate,  at  the  fire  door.  These  furnaces  have 
been  in  actual  service  for  several  months,  and  are  said  to  work  satisfac- 
torily, and  to  be  especially  good  on  the  arched  parts  of  the  furnace. 

Hydraulics 

Fundamental  Theorems  of  Hydraulics  of  Rivers  {TMordmes  fonda- 
mentaux  d'hydranlique  fluviale,  A.  Merten.  Annates  de  VAssoGiation  des 
ing^nieurs  sortis  des  6coles  sp4ciales  de  Qand.  vol.  5,  no.  2,  1912,  p.  207. 
5  pp.,  1  fig.  *)•  The  theorems  of  hydraulics  relating  to  the  flow  of  water 
in  open  channels  are  derived  from  an  investigation  of  the  flow  of  only 
prismatic  bodies  of  water  (canals),  and  are  applied  to  the  whole  field 
by  the  use  of  a  postulate  claiming  that  it  is  legitimate  to  apply  to  the 
flow  of  natural  bodies  of  icater  theorems  deduced  for  prismatic  bodies 
of  water.  The  author  claims  to  have  formulated  a  theory  by  which  the 
modifications  produced  in  the  axes  by  the  variations  of  the  volumes  of 
flow  may  be  directly  considered.    The  differential  equation  of  the  axes  is: 

■     q^  du     q^ 

ids  —  dh  V 1  —i^  =  -• 1 —  bxds 


dh^ 
ds 

dh 
ds 


\  u^\_         g  \5s  ^5h  ds  J\ 

\  w3  [  (/  \Ss         dsjj 
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where  i  is  the  slope,  s  the  distance  along  the  axis  from  some  origin.  /( 

the  elevation  of  the  water  surface,  q  volume  of  flow,    w   wetted  area,  x 

wetted  perimeter,  h  coefficient  of  resistance.    The  lines  in  Fig.  2  are  drawn 

dh 

with •  as  abscissae,  and  the  values  of  the  tirst  and  second  members  as 

ds 

ordi nates.     Line  I   (first  member)  the  point  of  intersection  with  the  axis 

of  the  abscissae,  is  independent  of  the  volume  of  flow,  elevation  of  water 

dh  i 

surface,  and  everything  except  the  slope —    =  — For  the  line  II 

ds         VI— i' 


^% 


Fig.  2     Volume  of  Flow  and  Axis  Diagram 


(second  member)  the  shape  of  the  section,  elevation  of  water,  volume  of 
flow,  and  character  of  the  river  bed  (roughness)  are  supposed  to  be  given. 
The  point  of  intersection  at  the  axis  of  the  abscissae  is  given  by 

bx--{—+l   .    1=0 


dj 


dh          X     1  8o) 
=  gb 

as  I      I  8s 

'Hiis  point  of  intersection  is  independent  of  the  volume  of  ffow,  but  when 
the  discharge  increases,  the  ordinate  of  the  origin  increases  also. 

Use  of  the  diagram.  For  a  given  volume  of  flow  line  II  may  be  drawn; 
the  intersection  of  I  and  II  has  for  its  abscissa  the  inclination  of  the  axis 
for  given  elevation  of  tlie  water  surface  and  volume  of  flow.  There  is 
however  such  a  value  (if  tiic  voluinc  of  tlow  r/''  for  whicii  llie  indiiiation 
of  the  axis  is  indefinite:  this  happens  when  I  and  II  are  parallel. 
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DISCUSSION   OF   THE   DIAGRAM 
i  X      1    8io 

First  Case:    — :  <gb  —  — .  - 

Vi— ^2  I      I   8s 

dh 

When  g  increases, decreases,  except  in  the  case  of  the  sudden  jump 

ds 

from  _  00  to  +  00  for  qr. 

Second  Case:    ■ —         =gb—  — .  - 
Vl-i2  I        I    ds 

dh  i 

or    --  =  — ^        :  horizontality,  independent  of  the  volume  of  fiow. 
ds     ^i-ii 

_  ^  I  X      1 '  5co 

Third  Case:   — .         >  go .  ^ 

Vl— i2         I       I  ds 

dh 
When   q  increases,    _  —    increases  also,   except  m  the  case  of  a   sudden 
d-9 

jump  from   ^     to  -  "  for  g,. 
The  regions  of 

i  X     1  5w  ..... 

—         >  gb—  — .  — (positive  region) 

Vl  — ^2         I      I  ds 

and 

i  X     1  Su  /        ^.  •     \ 

,  <gb'j  —  -.— (negative  region) 

Vl— ^2  '      I   bs 

may  be  considered  to  be  separated  by  equality  curves,  and  as  a  particular 

case  only  one  region  may  exist,  as  is  generally  the  case  with  prismatic 

channels. 

The  axes  may  for  the  purpose  of  this  investigation  be  divided  into  con- 

dh 
tinuous  parts.     Then    (a)    if  an  axis  is  in  the  positive  region,    . — -   in- 

ds 

creases  when  q  increases,  except  in  case  of  a  passage  from  +  co  to  —  «=; 
(6)  if  an  axis  is  in  the  negative  region,  the  opposite  happens;  (c)  when 
an  axis  intersects  an  equality  curve,  it  is  horizontal. 

Corollaries:  if  two  axes  are  in  the  same  region:  (a)  they  can  intersect 
only  in  one  point;  (6)  the  axis  of  the  larger  volume  of  flow  is  above  the 
other  downstream  from  the  point  of  intersection,  and  below  it  upstream, 
if  the  region  is  positive,  and  vice  versa.  If  two  axes  are  located  in  two 
consecutive  regions,  they  can  have  not  more  than  two  points  of  inter- 
section; if  they  have  a  common  point  on  the  equality  curve,  they  are 
tangent  to  it  and  can  have  no  other  common  point. 

Internal  Combustion  Engines 

Utilization  of  Exhaust  Heat  from  Internal-Combustion  Engines 
(Abicdrmeverwertung  bei  Verhrennungskraftmaschincu,  K.  Kutzbaeh, 
Stahl  und  Eisen,  vol.  33,  no.  28,  p.  1133,  July  11,  1912.  2M.'  PP.,  «  figs.  d). 
Discussion  of  the  problem  of  exliaust  heat  utilization  in  connection  with 
internal-combustion  engines.      This  problem  is  more  complicated  and  less 
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attractive  tbau  the  similar  problem  with  steam  engines.  Comparatively 
a  much  smaller  proportion  of  heat  can  be  saved  in  the  first  instance  (Fig. 
o).  The  heat  carriinl  off  by  c(K>liiig  water  can  be  saved  only  partly  in 
extremely  rare  cases,  especially  in  large  gas  engines,  because  if  the  tem- 
perature of  the  water  exceeds  40  deg.  cent.  (104  deg.  fahr.)  there  is 
danger  of  pre-ignition.  The  exhaust  gases  cannot  'be  used  directly,  like 
steam,  because  with  their  large  volume  they  have  a  comparativly  low 
heat  content  and  give  up  their  heat  about  200  times  slower  than  steam, 
and  they  contain  as  a  rule  various  impurities,  such  as  oil,  sulphuric  acid, 
and  soot.  Their  only  uses  therefore  appear  to  be  for  the  production  of 
steam  for  heating  purposes,  power  production,  and  for  gas  producers.  The 
author  points  out  that  where  gas  producers  use  fuels  free  of  tar  tlie  waste 
heat  may  be  utilized  for  making  all  the  steam  which  they  require,  but 
when  the  fuel  contains  tar  this  cannot  be  done  because  tar  rapidly  destroys 


^H  Useful  Output 
I       I  Friction  Loss 
^  Cooling  Water 
^^  Exhaust  Steam 

WM.  Exhaust  Gases 

Loss  through  Boiler, 
Radiation,  etc. 
ICalory'3.97t?.tu 


Steam  Engine  with    Gas  Engine  Diesel  Engine 
Exhaust  into  /^ir 


Fig.  3     Heat  Balances  of  Steam,  Gas  and  Diesel  Engines 


the  boilers.  The  article  contains  a  description  of  the  horizontal  and 
vertical  types  of  boilers  for  utilizing  the  exhaust  heat  of  internal -com- 
bustion engines  constructed  by  the  Maschiuenfabrik  Augsburg-Nuremberg. 
Vertical  boilers  are  generally  used  for  the  production  of  hot  water,  hor/,- 
zontal  for  steam  making. 

Efficiency  of  the  Explosion  Gas  Turbine  {Dcr  Wirkungsgrad  dcr 
Explosions-Gasturhine,  II.  Holzwarth,  Zeits.  dcs  Vereines  deutscJier  In- 
genicure,  vol,  5G,  nos.  24  and  2.5,  June  15  and  22,  1912.  8  pp.,  5  figs.  ec). 
An  article  of  controversial  nature  in  which  the  author  attempts  to  prove 
that  his  formulae  and  data  are  on  the  whole  preferable  to  those  of  Pro- 
fessor Stodola  as  far  as  the  calculation  of  the  efficiency  of  the  explosion 
gas  turbine  is  concerned.  He  shows  further  that  the  heat  processes  in 
the  gas  turbine  can  be  investigated  only  by  graphical  methods  if  heat 
losses  and  variations  in  the  siieciflc  heats  are  to  ibe  taken  into  considera- 
tion: analytical  methods  ai-e  said  to  be  entirely  inaiiplicable  for  this  pur- 
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poso.  The  nrliclo  also  coiit.-iins  viihiablo  data  of  tests  on  gas  turbines 
made  by  tbo  author  since  the  publication  of  his  boolc.  The  same  journal, 
No.  25,  June  22,  contains  an  answer  by  Professor  Stodola  in  which  be 
defends  his  views  and  attempts  to  show  that  the  gas  engine  cannot  abso- 
lutely have  as  high  an  elliciency  (.'>0  per  cent)  as  Mr.  Holxwarth  claimed 
for  it.  For  the  gas  entropy  table  discussed  in  an  appendix  to  Professor 
Stodola's  article  see  p.  3807. 


Outlet  Piping  for 
Cooling  Water  from 
the  Jackets  of 
Working  Cylinders 


(fib 


Fig.  4    J.  A.  Stroganoff  Device  for  Stopping  an  Intf.rnal-Combustion  Engine  when  Cool- 
ing Water  Ceases  to  Circulate 


Automatic  Device  fok  Stopping  Internal  Combustion  Engines  in 
Case  of  Lack  of  Cooling  Water.  Designed  by  J.  A.  Stroganoff  of  Twer, 
Russia  (Selhsstdtige  Anhaltsvorrichtung  fiir  Verhrenmingsmaschitien  hei 
KUhhcassGrmangcl,  Bniiart  J.  A.  Stroganoff  (Twer),  N.  Bikoff  and  G.  v. 
Doepp.  Die  Gasmotorcntcchnik,  vol.  12,  no.  4,  p.  62,  July  1912.  d).  De- 
scription of  a  safety  device  intended  to  prevent  overheating  of  an  engine 
in  case  the  supply  of  cooling  water  is  cut  off  without  being  noticed  by 
the  engineer.  A  valve  in  the  fuel  piping  of  the  motor  is  connected  witli 
one  arm  of  a  lever  having  on  the  other  arm  a  vessel  into  which  flows 
water  from  the  cylinder  jackets.  "When  everything  is  in  order,  part  of  the 
water  flows  over  the  edge  of  the  vessel  while  the  rest  escapes  througli 
little  openings  in  the  bottom  of  the  vessel  which,  being  full,  occupies  the 
lowest  position  possible  with  the  prolongation  B  in  Fig.  4,  but  when  the 
flow  of  water  ceases,  the  vessel  emi)lies,  and  the  counterweight  A  moves 
up  as  far  as  C  permits  it,  causing  the  valve  in  the  fuel  piping  to  be  closed 
and  Die  admission  of  fuel  to  the  motor  to  I)e  shut  olT. 
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Ai.iiAKi.T  (;AS(>l,l•;^'K  .MoToii  I'OH  Fakm  Woinc  {Molctir  a  csnoicc  AlJxiret 
Itoiir  r<i(/riciUture.  Le  (Jcnie  Civil,  vol.  Gl,  no.  11,  p.  22G,  .July  13,  1912. 
I  I).,  '6  ligs.  d).  Descriptiou  of  the  Albaret  farm  gasolene  motor  built  by 
the  Socie(6  des  Anciens  fitablissenients  Albaret,  of  Kantigny,  Oise,  France. 
As  shown  in  Fig.  5,  the  cylinder  (J  and  its  water  jacket  are  cast  in  one 
piece  with  the  crank  case  C  provided  with  the  opening  P'  for  the  inspec- 
tion of  the  inside.  By  means  of  a  connecting  rod  b,  the  piston  P  operates 
a  handle  m  located  at  one  of  the  extremities  of  the  shaft  a  carrying  at 
its  other  end  the  pulley-Hywheel  V;  this  shaft  rotates  inside  a  long  and 
strong  bearing  snpjwrted  by  the  crank  case  C",  the  flywheel  V  being  given 
a  curved  shape  in  order  to  bring  the  plane  of  the  center  of  gravity  inside 
the  bearing.     Inside   the   crank  case   C"   is  placed   the   fuel   tank   /*,    the 
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gasolene  passing  through  the  pipe  t  and  pump  p  to  the  carburetor  q,  any 
excess  of  the  fuel  retui-ning  to  the  tank  hy  the  overflow  pipe  t'.  There  is 
no  special  lubricating  apparatus,  a  suitable  quantity  of  oil  'being  simply 
poured  into  the  crank  case  where  tlie  handle  m  is  placed,  with  the  level 
indicated  by  a  tube  outside.  A  high  tension  magneto  takes  care  of  the 
Ignition,  the  timing  being  automatically  regulated. 

The  article  describes  also  the  system  of  governing  which  is  of  the  hit-and- 
miss  type,  but  rather  complicated. 

German  Automobile  Design  (Deutsche  AutomoMkonfttruldioiicn, 
A  uto-Tcchnik,  vol.  1,  no.  13,  appended  to  the  Allgemeine  Automobil-Zeitung, 
vol.  3,  no.  29,  p.  ,33,  .July  ]9,  1912.  (5  ])p.,  9  figs,  d).  Descrii)tion  of  the 
Sperber  l-cyliTider   IS-Ii.]!.   iiutoiii«)bil(>.     The   S])erber   cMrlnii-etor   is   shown 
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iu  Fig.  0.  The  gasoleue  enters  through  1,  and  is  regulated  by  a  float  spindle 
in  the  usual  manner.  From  the  float  chamber  it  passes  through  duct  2  into 
a  ring-shaped  groove  in  the  female  cone  of  clutch  3  provided  along  its 
inner  circumference  with  fine  nozzle-shaped  openings ;  the  gasolene  squirts 
through  these  openings  and  forms  an  explosive  mixture  witli  the  air  com- 
ing from  below.  The  mixture  is  regulated  by  the  vertical  displacement  of 
the  c-one  4  which  is  free  to  move  on  the  spindle  of  the  throttle  valve  o, 


FiQ.  6     Sperber  Carbuketor 


and  can  be  raised  both  by  hand  and  by  suction.  The  throttle  valve  may 
be  regulated  either  from  the  accelerator  pedal  by  a  regulating  rod.  or  by 
turning  the  bell-shaped  case  G  from  a  lever  on  the  steering  wheel.  The 
casing  G  is  provided  with  spiral  grooves  in  which  run  little  screws  7  set 
in  the  throttle  valve,  and  when  the  casing  turns,  the  screws  force  the 
valve  to  move  up  and  down ;  when  the  opening  is  throttled  entirely,  the 
valve  goes  down  into  the  cylindrical  guide  8.  The  air  ratio  of  the 
mixture  is  regulated  by  the  rotary  slide-valve  9  varying  the  opening  10 
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for  the  admissiou  of  air  (preheated).  Owing  to  automatic  air  regulation, 
the  carburetor,  with  the  throttle  valve  open  adapts  itself  to  the  speed  of 
the  motor,  and  delivers  a  correct  mixture  as  well  at  high  speed  as  at  low. 
The  bend  connecting  the  pipe  to  the  right  of  the  carburetor  contains  two 
pipes  leadhig  in  opposite  directions:  the  first  for  warm  air  goes  from 
11  at  the  top  down  to  the  lower  part  of  the  carburetor,  and  passes  on 
the  way  through  some  of  the  hot  water  around  the  cylinder  casting,  so 
as  to  preheat  the  air.  The  other  flange  12  is  screwed  on  to  the  suction 
piping.  The  whole  suction  piping  Is  cast  in  one  piece  with  the  cylinder 
casting. 

Investigation  of  the  Working  Pkocess  of  a  Two-Cycle  Motor   (Un- 
tersuchung    des   Arheitsprozesscs    dues    ZiiieitaMmotors.      H.    Scheit    and 
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Fia.  7A     Efficiency  of  Pump  and  Speed  of  Two-Cycle  Motor 
Fig.  7B     Ratio  of  Mixture  and  Fuel  Consumption  of  Two-Cycle  Motor 


Assistant  Bobeth.  Zcits.  des  Vcreiites  deiitschcr  Ingcnicure,  vol.  50,  no. 
22,  p.  802,  June  1,  1912.  S  pp.,  18  figs.  eA).  Account  of  tests  of  a  two-cycle 
motor  made  at  the  Royal  Saxonian  Mechanical  and  Technical  Laboratory 
in  Dresden,  with  a  view  of  determining  the  working  process  of  two-cycle 
motors.  The  motor  tested  was  a  single-cylinder  motor-boat  engine  of  the 
Ferro  Machine  and  Foundry  Co.,  of  Cleveland,  O..  rated  at  4  h.p.,  800 
r.p.m.,  3%  in.  bore,  3^^  in.  stroke,  jump  spark  ignition.  Gasolene  was 
used  as  fuel  with  an  average  upper  heating  value  of  11054  WE  (19,945 
b.t.u.  per  II).),  and  lower  heating  value  10334  WE,  or  18,000  b.t.u.  per 
lb.     From  the  chemical  analysis  of  the  fuel  it  was  found  that  3.483  kg  of 
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oxygen  were  required  for  tlie  combustiou  of  1  kg  of  fuel,  this  umouut 
corresponding  to  14,  91  kg  of  air,  or  at  one  atmosphere  pressure  and  15 
deg.  cent.  (5U  deg.  fiilir.)  temperature  12.55  cbm  (200  cu.  ft.  of  air  per  lb. 
of  combustible). 

The  tirst  series  of  tests  bad  the  purpose  of  determining  the  relation 
between  tbe  efficiency  of  tbe  fuel  pump  and  speed  of  rotation  of  the  motor. 
To  reduce  tbe  resistance  in  tbe  suction  piping  tbe  tbrottling  valve  at 
tbe  carburetor  was  thrown  wide  open,  and  the  most  favorable  opening  of 
tbe  fuel  nozzle  and  position  of  tbe  spark  determined  for  each  speed  by 
previous  tests.  The  tests  as  shown  in  curve  a  (Fig.  7  A)  prove  that 
tbe  etticlency  of  tbe  pump  at  slow  speeds  is  pretty  high,  but  rapidly  falls 
with  the  increase  in  tbe  number  of  revolutions ;  this  may  be  due  either 
to  the  increase  of  tbe  resistance  in  the  suction  piping  as  the  velocity  of 
air  increases,  or  to  oscillations  in  the  sucked-in  column  of  air.  The  fact 
that  tbe  inlet  opening  is  uncovered  only  at  tbe  end  of  tbe  stroke  and 
that  the  length  of  time  while  it  is  uncovered  decreases  as  tbe  speed  of 
the  motor  increases  may  be  of  importance.  A  motor  with  the  inlet  opening 
governed  not  by  the  piston,  but  by  a  valve  in  such  a  manner  as  to  be 
open  during  the  whole  suction  stroke  would  therefore  be  more  efficient, 
provided  it  were  simple  in  construction. 

Cm"ve  b  shows  tbe  efficiency  of  the  pump  as  a  function  of  tbe  speed 
of  the  motor  when  the  gasolene  was  shut  off,  and  the  motor  driven  by 
an  electric  motor  worked  only  as  a  pump.  The  purpose  of  this  test  was  to 
eliminate  the  influence  of  the  resistance  s  in  the  exhaust  and  at  the  en- 
trance of  the  charge  into  the  working  cylinder.  Tbe  comparison  of  the 
two  curves  shows  that  in  the  second  case  with  a  constant  back  pressure 
equal  to  atmospheric,  tbe  efficiency  decreases  more  rapidly  with  the  increase 
in  speed.  It  may  be  that  during  regular  working  of  tbe  motor  the  pressure 
in  the  cylinder  at  the  end  of  expansion  falls  below  atmospheric  and  tbe 
flow  of  exhaust  gases  produces  a  supplementary  suction :  this  could  not 
be  definitely  established  by  means  of  an  indicator. 

Influeivce  of  Ratio  of  Mixture  on  Gasolene  Consumption.  Three  series 
of  tests  were  made,  with  the  motor  working  at  about  %  of  its  maximum 
output,  and  at  650,  750  and  850  r.p.m.,  with  the  indicated  ratios  of  mixture, 
tbe  best  position  of  tbe  spark  for  each  i-atio  of  mixture  having  been  found 
by  previous  tests.  Tbe  three  lines  (Fig.  7  B)  show  how  substantially  the 
fuel  consumption  rises  with  an  insufficient  supply  of  air.  The  lines  for 
the  three  speeds  of  rotation  nearly  coincide,  showing  thereby  that  the 
speed  of  rotation  has  practically  no  influence  on  fuel  consumption.  A 
curve  drawn  by  combining  these  three  curves  has  shown  that  tbe  most 
economic  way  of  running  the  motor  is  with  a  10  per  cent  excess  of  air. 

Experiments  were  also  made  on  tbe  influence  of  air  preheating,  spark 
displacement,  and  cooling  of  exhaust  gases.  In  general  the  tests  have 
shown  that  tbe  minimum  fuel  consumption  of  the  Ferro  two-cycle  motor 
is  500  g  (1,1  lb.)  per  h.p.-hour.  This  is  more  than  the  fuel  consumption 
of  a  four-cycle  motor  of  equal  power  which  appears  to  be  due  partly  to  some 
fresh  fuel  being  carried  aw\iy  by  the  exhaust  gases  and  partly  to  a  poorer 
ratio  of  mixture.     The  average  effective  piston  pressure  is  also  equal  to 
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ouly  about  oiie-half  that  in  the  four-cycle  motor.  The  charging  pump, 
tliough  found  to  be  very  eflicient  absolutely,  appears  to  be  not  strong 
enough  in  the  case  of  a  two-cycle  motor  to  produce  an  effective  scavenging 
of  the  cylinder,  this  task  being  made  particularly  hard  by  the  fact  that 
the  time  for  it,  which  is  only  a  fraction  of  the  piston  stroke,  is  very  short. 
The  efforts  of  designers  of  two-cycle  motors  must  therefore  be  directed 
towards  improvement  of  the  charging  process.  The  most  promising  way 
appears  to  be  the  separate  introduction  of  air  and  fuel,  and  the  use  of 
excess  of  air  for  scavenging. 

Machine  Shop 

Double  Milling  Machine  fok  Torpedo  Screw  Blades  of  J.  E.  Rei- 
NicKEB  IN  Chemnitz-Gablenz  {Doppclte  Frdsmaschine  fur  Torpedo 
tiohrauhenfliigel  von  J.  E.  lieinickcr  hi,  Cliemnitx-Gablenz,  F.  Nickel,  Zeits. 
des  Vereines  deutscher  Ingenieurc,  vol.  50,  no.  23,  p.  929,  June  8,  1912. 
."  pp.,  0  figs.  d).  The  machine  mills  the  blade  from  a  template,  cutting  in 
strips.  The  table  candying  the  screw  has  an  automatic  quick  return  and 
a  stop  motion  which  is  thrown  into  gear  upon  completion  of  the  work. 

Broad  or  Narrow  Welded  Seams  {Breite.  oder  schmale  Schweissnahte. 
Autogene  MetaUbearhcitmig  in,  Acetylen,  vol.  15,  no.  12,  1  p.  c).  The 
Technical  Bureau  of  the  Association  for  Autogenous  Welding  in  reply  to 
inquiries  as  to  whether  or  not  there  is  any  technical  advantage  in  making 
broad  welded  seams,  meaning  by  this  term  melting  the  metal  at  a  consid- 
erable distance  on  both  sides  of  the  welded  joint,  stated  that  the  advan- 
tage was  doubtful  in  most  cases.  Melting  considerable  amounts  of  metal 
in  the  immediate  proximity  of  the  seam  and  thoroughly  joining  it  with 
the  welded-in  material  helps  to  prevent  oxidized  i)articles  from  getting 
incrusted  in  the  joint,  but  on  the  other  hand  subjection  of  the  metal  at 
the  seam  to  prolonged  action  of  the  flame  produces  changes  in  its  structure, 
and,  owing  to  the  high  heat  conductivity  of  metals,  leads  to  considerable 
heat  losses.  A  better  way  is  to  heat  by  a  large  burner  the  metal  in  the 
neighborhood  of  and  parallel  to  the  seam:  this  permits  the  heat  to  con- 
centrate at  the  seam  when  a  comparatively  small  burner  is  sufficient  to 
make  a  good  joint  even  in  the  case  of  thick  plates,  there  being  less  possi- 
bility of  overheating  the  metal  than  with  the  broad  seam.  In  welding 
thick  plates  when  the  material  along  the  seam  is  heated  by  a  large  burner 
to  a  dark  cherry  re<l  color,  the  welding  proper  proceeds  very  rapidly  with- 
(mt  any  need  for  melting  large  amounts  of  material  around  the  seam. 

Mechanics 

Friction  Gear  with  Variable  Ratio  of  Speed  {Transmission  par  fric- 
tion, a  rapport  de  vit esses  variable,  V.  Raes.  Annales  de  V association  des 
inyc^nieurs  sortis  des  ecoles  specialcs  de  Gaud.  Ser.  V,  vol.  5,  no.  2,  1912. 
p.  1S8,  18  pp.,  9  figs.  tdA).  Theoretical  discussion  of  the  principles  of 
transmission  by  friction,  particularly  the  problem  of  finding  by  calculus 
rolling  surfaces  of  such  a  profile  that  by  sliding  along  perpendicular  axes 
they  should  produce  simple  rolling.  The  author  shows  that  theoretically 
this  condition  is  satisfied  if  one  of  the  solids  is  generated  by  a  parabola 
of  tiie  second  degree  rotating  about  its  axis  of  symmetry,  while  the  other 
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solid  is  genera tfd  by  a  semi-parabola  of  a  double  parameter  rotating  about 
a  tangent  at  the  vertex.  There  are  however  considerable  dilliculties  in 
embodying  this  principle  in  a  variable-speed  transmission  in  a  small  auto- 
mobile, and  further  the  author  shows  that  the  condition  of  simple  rolling 
is  not  of  sufficient  importance  to  justify  a  very  complicated  system  of 
transmission.  The  author  further  analyzes  the  action  of  a  disk  friction 
geax",  such  as  is  used  in  some  actual  automobile  c-oustruction. 

Materials  of  Construction 

Tests  of  Boilp^r  Platks  with  Lap  Welded  Joints  (Versuche  mit  iiher- 
luppt  gescluceisstea  Kcssclblechcn,  B.  Zwiauer,  Zeits.  des  Vereines  deut- 
scficr  Inycnieurc,  vol.  50,  no.  22,  p.  877,  June  1,  1!)12,  4  pp.,  of  whicli  two 
are  tables.  5  figs.  e).  Tests  of  lap  welded  joints,  mainly  with  a  view  to 
the  existing  German  regulation  for  the  inspection  of  boilers. 

Steam  Engineering 

Electrolytic  Oil  Separation  (Elektrolytische  Oelabscheidiing,  W. 
Heym.  Elektrochemische  Zeits.,  vol.  19,  no.  4,  p.  21,  July  1912.  .3  pp.  td). 
Oil  is  carried  away  by  the  exhaust  steam  partly  in  the  form  of  a  finely 
divided  liquid,  partly  in  that  of  vapor,  a  considerable  amount  of  oil  or 
some  of  its  constituents  being  vaporized  no  matter  what  is  its  boiling 
])oint.  However  well  oil  separators  working  on  the  mechanical  principle 
be  arranged,  they  can  catch  practically  only  the  oil  present  in  the  form 
of  a  spray,  about  75  per  cent  of  the  total,  while  the  rest  escapes  and 
reaches  the  condenser.  It  is  there  transformed  by  the  action  of  the  water 
into  minute  spheroidal  corpuscles,  and  is  partly  carried  off  with  the  feed- 
water,  partly  settles  on  the  condenser  walls,  and  helps  to  form  a  very 
unsoluble  crust.  The  properties  of  this  crust  are  determined  by  the  fact 
that  these  oil  corpuscles  are  charged  with  electricity.  The  crust  can 
therefore  be  treated  just  like  every  other  colloidal  solution,  and  the  oil 
particles  may  be  settled  down  by  being  acted  upon  by  a  colloidal  solution 
canning  an  opposite  charge,  e.  g.,  by  colloidal  iron  hydroxide.  On  this 
property  is  based  the  oil  separating  process  of  Davis-Perret.  It  consists 
mainly  in  electrolysing  the  water  of  condensation  by  means  of  iron  elec- 
trodes, there  being  added  to  the  water  some  electrolyte,  usually  sodium 
carbonate,  to  make  it  more  conductive.  A  basic  salt  is  formed,  and  the 
alkalies  settle  at  the  anode,  the  oil  particles  being  caught  in  this  precipi- 
tate, and  practically  entirely  separated  out  by  subse<iuent  filtration.  The 
efficiency  of  the  Davis-Perret  oil  separating  process  has  been  found  to  be 
as  high  as  98.5  per  cent.  It  is  further  stated  that  since  by  this  process  a 
precipitate  is  formed  which  is  not  n  pure  hydroxide,  but  a  basic  salt,  a 
certain  excess  of  it  reaches  the  boiler  and  makes  the  water  alkaline;  this 
in  its  turn  makes  the  ability  of  the  water  to  decompose  iron  lower  than 
with  pure  water,  owing  to  the  fact  that  the  ability  of  water  to  affect 
iron  is  proportional  to  the  hydrogen  content  of  the  water.  The  article 
also  describes  how  a  simplified  type  of  Richard's  nepthelometer  may  be 
used  for  the  determination  of  the  c<5ntents  of  oil  in  water. 
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New  Patents  in  the  Domain  of  Steam  Boiler  Firing  {Neue  Patente 
atif  dem  Gehiete  der  Dampfkesselfeucnmrj,  Pradel.  Zeitft.  fur  Dampfkessel 
und  Maschineubetriel),  vol.  35,  no.  30,  p.  315.  2  pp.,  10  figs.  (/)•  Brief  ac- 
counts of  new  German  patents  granted  during  the  first  lialf  of  1012  for 
appliances  in  steam  boiler  firing,  mainly  grates. 

On  the  Expansion  of  Saturated  Steam  {Sur  la  ddtcnte  de  la  vapeur 
d'eau  saturante,  A.  Leduo.  Comptes  rendus  de  VAcaddmie  des  Sciences, 
vol.  155,  no.  1,  p.  33,  July  1,  1012.  2  pp.  tA).  The  object  of  the  author's 
investigation  was  to  find  tlie  precise  value  of  n  in  Rankine's  formula : 
pvn  =  const,  for  the  expansion  of  dry  saturated  steam  on  the  basis  of 
numerical  data  obtained  by  Holborn  and  Ileuning  and  Dieterici,  and  the 
author's  own  fornmla  of  state  for  real  gases 

Mpv  ^  BT^ 
where  M  is  the  molecular  mass  of  a  gas,  1\*  an  absolute  constant  common 
to  all  gases;  <^  is  called  by  the  author  the  molecular  volume  of  a  gas,  and 
is  the  ratio  between  the  relative  (say  with  respect  to  air)  molecular  weight 
of  a  gas  to  its  relative  density. 

Let  a  unit  of  mass  of  the  fluid  pass  through  Rankine's  cycle  between 
To  and  Ti,  and  let  x  be  the  quality  of  the  steam  at  the  end  of  adiabatic 
expansion.  If  k  be  the  specific  heat  of  water  at  T  deg.  under  the  pressure 
of  saturated  steam,  and  L  its  latent  heat  of  evaporation,  then 


J 


A  unit  of  mass  of  steam  occupies  a  volume  v^  at  T,  under  the  maximum 
pressure  /),,  while  at  7'„  it  is  only  the  mass  x  that  occupies  the  volume  Va 
under  the  maximum  pressure  />„  (the  volume  1  —  a;  of  the  condensed  water 
being  negligible).     Hence 


M  piVi=RT,4>i 

and 

M   PoVo=xRTa4>o 

from  which 

X  PiVi       PoVo 

Ti  01     To4>o 

which  comloined 

with 

PlVl"=Po?'o" 

gives 

n-l 

Jog 

Zl 

-log  To  +  log  01 -log  0o- 

-log  X 

n  log  7^1 -log  po 

Table  1  has  been  calculated  for  intervals  of  10  deg. 

*  In  a  previous  invo.st.igation  (Annales  de  Chimie  et  de  Physique,  septiSme  s^rie,  tome  15,  p.  92) 
the  author  found  tliat  R  in  C.G.S.  units,  with  the  molecular  mass  of  oxygen  taken  as  32,  is  equal 
to  8319  XIO^,  or  in  centimeters  of  mercury  fi' =6237.2.  He  refers  in  a  footnote  for  the  notation 
in  the  present  article  to  his  former  article  in  the  Comples  rendtis,  vol.  153,  p.  51,  which  doe?  not 
contain  it.     The  reader  is  referred  to  the  above  quoted  article  in  the  Annales. — Editor. 
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TABLE  1 


PROPERTIES  OF  SATURATED  STEAM  FOR  TEMPERATURES  BETWEEN 
160  AND  80  DEC.  CENT.  (320  TO  176  DEG.  FAHR.) 


Deg. 

X 

n 

Deg. 

X 

n 

from  160  to   150 

0.9829 

1.142 

from  120  to  110 

0.9810 

1.142 

from  150  to  140 

0.9824 

1.144 

from  110  to   100 

0.9805 

1.140 

from  140  to   130 

0.9820 

1.144 

from   100  to     90 

0.9800 

1.137 

from  130  to  120 

0.9815 

1.144 

from     90  to     80 

0.9794 

1.134 

The  article  contains  also  an  additional  table  showing  that  slightly  different 
results  are  obtained  with  the  Kegnault  data. 

The  value  of  n  passes  through  a  maximum  at  about  13.5  deg.  Neverthe- 
less Rankine's  formula  may  be  used  with  Ji  constant,  provided  its  value  be 
taken  as  1.14  when  the  temperature  of  steam  varies  between  IGO  and  GO 
or  even  40  deg.  cent.  (320  to  140  to  104  deg.  fahr.),  and  as  1.135  when  the 
engine  works  with  a  low  pressure  and  has  a  very  well  cooled  condenser. 
With  the  fall  of  initial  temperature  x  decreases.  From  Table  1  it  may 
be  seen  that  .r,  after  an  expansion  of  0  deg.  fnom  the  temperature  of  ItJO 
deg.  cent,  may  be  exactly  represented  by 

X  =  (0.9983)  1  1  -  ^—     X5  X 10  -M 

but  in  the  case  of  steam  engines  practically  for  all  initial  temperatures 
the  following  simpler  formula  may  be  used : 

a;i  =  (0.9981)^ 
Improvement  of  Steam  Turbine  Efficiency  by  the  Use  of  "  Exhaust 
Disks  "  {Uamilioration  du  rendemcnt  de,>?  turbines  a  vapeur  par  Vemplol 
des  "  disques  d'^chappement,"  Delaporte.  Revue  de  mdcanique,  vol.  30,  no. 
G,  p.  517,  June  30,  1912.  7  pp.,  7  figs.  ed).  The  last  row  of  blades 
has  always  long  blades  as  compared  with  the  thickness  of  the  distributed 
steam  films,  and  the  efflux  comes  out  in  an  indefinite  film,  that  is  without 
the  separate  stream  lines  being  given  an  opportunity  to  expand  in  the 
direction  of  the  axis  of  a  blade.  Owing  to  the  immediate  proximity  of 
other  vapor  films,  the  films  are  not  allowed  to  expand  in  the  perpendicular 
direction  ah  (Fig.  8,  A)  either.  The  guiding  ac  prevents  entirely  any 
change  of  the  direction  of  the  films  in  the  triangular  space  ahc:  there  can 
be  therefore  no  expansion,  and  the  pressure  P  at  al)  is  constant  for  the 
entire  space,  and  particularly  for  the  section  below  disk  be.  As  a  re- 
sult, the  difference  between  P  and  the  pressure  p  at  the  plane  of  outlet 
of  the  disk  and  at  the  exhaust  gives  only  to  the  steam  an  acceleration  A 
parallel  to  the  axis  of  the  disk ;  the  change  in  direction  produced  affords 
the  films  the  possibility  to  thicken  in  accordance  with  the  increase  of  the 
relative  velocity  of  the  steam  from  V  to  V,  but  as  far  as  useful  work  is 
concerned  this  acceleration  is  entirely  lost,  because  it  is  not  accompanied 
by  a  change  in  the  moment  of  the  quantity  of  motion  with  respect  to  the 
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axis.  There  is  therefore  a  certain  limited  pressure  heyond  which  the  tur- 
bine ceases  to  hencflt  by  any  further  increase  of  expansion.  This  liiuiting 
pressure  P  is  characterized  by  the  relative  velocity  at  the  outlet  of  the 
disk  beiiij;  odO  meters   (IJSl  ft.)    per  second,  the  output  being 

A  =0.97  Ps 
where  A  is  in  kg  per  hour,  and  s  the  total  section  open  to  the  passage 
of  tiie  steam  in  sq.  mm.   (1  sq.  mm.  =  0.00155  sq.  In.),      Hence 

A 
F  =  1.03     - 

s 

Tlie  fact  that  there  are  many  correct  graphical  proofs  of  the  important 
advantages  derivctl   liy   liirhiiH^s  frmii  reducing  the  aval  pressure  dues  not 


Fig.  8     Delaporte  Exhaust  Disks  and  Divided  Condenser 


conflict   with   the  above   statement:    all   such   proofs   hold   only   for   cases 

whei-e  the  ratio  —  is  small  and  the  pressure  P  is  below  the  pressure  p  of 

s 
the  condenser.  But  with  the  increase  in  the  size  of  turbiues  which  for 
economic  reasons  has  not  been  followed  by  a  reduction  of  their  speed, 
the  output  A  has  increasetl,  while  the  section  s  could  nut  be  increased  at 
the  same  rate  owing  to  its  being  limited  by  the  strength  of  the  materials 
usetl.     A  disk  of  750  nun    (say  30  in.)    in  diameter,  with  blades  100  mm 

ah 


(3.9  in.)  long,  and  a  coefficient  of  distribution   x'    fi'oni  0.6  to  0.65    (x'^ 


be' 


Fig.  8A)    represents  about  the  limit  of  what  can  be  done  at  3000  r.p.m. 
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witiiout  saoriticing  the  safety  of  operation,  and  that  gives  to  s  a  maximum 

value  of  about  150,000.     Tlu>  ratu)  ^  tlius  becomes  an  element  which  can 

a 
no  louger  be  neglected. 

As  an  example  the  author  considers  a  turbine  driving  a  1500-kw.  alter- 
nator at  30UU  r.p.m.  With  average  conditions  of  pressure,  superheat  and 
vacuum  the  steam  consumption  is  (j.9  kg  (15.18  lb.)  per  kvv.  per  hour; 
hence  A   =  t>.i>  x  1500  ==  10,350  kg,  and 

A  10350 

P  =  1.03-=1.03X— — -=0.71kg  =  1.009  1b. 
s  150000 

If  the  cooling  condenser  water  be  taken  at  IG  deg.  cent.  (G0.8  deg.  fahr.), 
and  comes  out  of  the  condenser  at  28  deg.  cent.  (82.4  deg.  fahr.),  the  pres- 
sure I)  at  the  eutrance  to  the  condenser  will  be  approximately  that  corre- 
sponding, according  to  steam  table,  to  a  temperature  of  about  5  deg.  above 
the  latter  temperature,  or  p  =  0.051  kg  ==  0.729  lb.  The  expansion  from 
0.071  to  0.051  kg  is  lost.  But  if  a  disk  with  s  =  150,000  cannot  take  care 
of  the  entire  steam  at  a  pressure  below  0.071  kg,  another  disk  with  equal 
section  could  drive  off  the  steam  at  the  pressure  of  0.051  kg,  if  it  had  only 
to  take  care  of  a  reduced  amount  of  steam :  this  is  the  fundamental  idea 
of  the  "  exhaust  disk."  It  is  provided,  like  others,  with  a  distributor,  but 
this  is  placed  between  the  two  exhausts,  and  is  traversed  only  by  a  part 
of  the  total  How  of  steam,  the  inlet  connecting  branch  being  contracted 
so  as  to  limit  the  pressure  in  the  main  turbine  to  a  value  beyond  which 
it  ceases  to  be  of  benefit.  Fig.  8  B  gives  an  example  of  this  arrange- 
ment :  1  is  the  exhaust  disk  of  which  the  distributor  seats  on  the  cast- 
iron  plate  2  between  the  branches  3  and  4,  the  first  of  which  is  contracted 
by  a  diaphragm  (it  is  often  more  convenient  to  create  a  loss  of  pressure 
at  5).  The  two  streams  of  steam  reunite  in  6  in  the  exhaust  pipe.  If 
five-eighth.s  of  the  flow  of  steam  be  sent  through  the  exhaust  disk,  88  h.p., 
or  about  3.9  per  cent  of  the  normal  power,  is  recovered,  which  is  signifi- 
cant considering  the  simplicity  of  the  device.  This  gain  can  be  still  fur- 
ther improved  by  modifying  the  condenser  arrangement  somewhat.  As 
shown  in  I'ig.  8  C,  the  partition  2  is  extended  through  the  exhaust  pipe 
right  into  the  condenser  which  it  divides  into  two  parts.  With  regard  to 
the  circulation  of  water,  the  nests  of  tubes  7  and  8  are  disposed  in 
series  with  7  receiving  the  fresh  water.  As  a  matter  of  fact  this  arrange- 
ment results  in  tliere  being  practically  two  separate  condensers  of  which 
one,  viz.  that  receiving  the  steam  from  the  exhaust  disk  (the  author  calls 
it  the  cold  condenser)  permits  of  obtaining  a  final  pressure  p'  considerably 
below  the  pressure  p  of  the  other  condenser,  or  the  one  that  would  prevail 
throughout  the  entire  condenser  if  it  were  not  divided.  Notwithstanding 
the  difference  of  internal  pressures,  both  condensers  may  be  supplied  with 
water  by  the  same  pump.  With  the  modified  condenser  an  increase  in 
efficiency  up  to  0.8  per  cent  has  been  obtained  in  actual  tests.  The  article- 
contains  full  data  of  five  tests. 
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BoiLEB  Feed  Regulator,  DEGEfiMONT  system  (Rdgulateur  d' alimenta- 
tion, systC'me  Dc(jr{-mont,  F.  D.  La  Technique  moderne,  June  15,  1912.  l^ 
p.,  1  fig.  d).  The  Dogn'mont  boiler  feed  regulator  (Fig.  9),  consists  of  a 
body  A  provided  with  a  membrane  m,  and  connected  with  the  boiler  by  the 
pipes,  e.  f.  (J.  and  h,  in  such  a  way  that  the  pipe  h  reaches  the  average  level 
of  water  in  the  boiler.  As  long  as  h  is  in  the  water,  the  entire  system  of 
piping  is  filled  by  water,  and  equal  pressures  act  on  both  sides  of  the  mem- 
brane. But  when  the  water  in  the  boiler  goes  below  the  end  of  tlie  pipe  h, 
the  water  in  this  pipe  runs  out  and  the  iiipe  is  filled  by  steam.     As  a  re- 


FlO.    9        DeGUKMONT    1  i-t-UWATER    REGULATOR 


suit,  the  pressure  on  the  upper  side  of  the  membrane  becomes  predominant, 
owing  to  the  addllional  pressure  of  the  column  of  water  in  the  pipe  g,  and 
the  membrane  is  deliectiHl  downwards,  and  in  doing  so  displaces  by  means 
of  a  suitably  arranged  lever  the  counterweight  h  acting  on  a  fiap  valve  c 
admitting  feed  water  to  the  boiler.  The  admission  of  water  continues  until 
the  water  level  rises  above  the  lower  end  of  the  pipe  //.  This  apparatus 
was  shown  at  the  Roubaix  Exhibition  of  1011. 

Utilization  of  High  Vacua  in  Turbines  with  Small  Cross-sections 
OF  Outlet  {Die  Ausnutzung  holier  Luftleere  in  Dampfturbinen  hei  klei- 
nen  AtistrittqtuTs-clmitten,  F.  Losel.  Zeits.  dcs  Vereines  deutsclier  Ingen- 
ieure,  vol.  5G,  no.  25,  June  22,  1912.  8  pp.,  35  figs.  eA).  Description  and 
data    of   an    investigation    undertaken    to    determine   whether    in    turbines 
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having  cross-sectious  of  outlet  dimensioued  for  vacuum  of  90  per  cent 
higher  vacua  froin  95  to  9G  per  cent  may  be  utilized,  and  how  the  data 
obtained  may  be  reduced  to  the  basis  of  a  vacuum  obtained  witlx  a  given 
temperature  of  cooling  water  of  25  deg.  cent.  (77  deg.  fahr. :  this  was  the 
temperature  at  which  the  nominal  eliiciency  of  the  turbine  tested  was 
guaranteed  by  the  manufacturers).  The  turbines  were  designed  on  the 
assiunption  that  90  per  cent  vacuum  was  reached  without  fail.  The 
tests  have  shown:  (a)  that  high  vacua  from  95  to  96  per  cent  may  be 
fully  utilized,  and  the  output  of  the  turbines  grows  with  the  vacuum ; 
(b)  that  the  thermodynamic  efhciency  referred  to  the  state  in  front  of 
the  first  diaphragm  is  the  same  for  all  vacua  from  90  to  96  per  cent, 
which  shows  further  that  the  heat  is  well  utilized,  notwithstanding  the 
small  cross-section  of  outlet,  even  with  the  highest  vacua.  It  is  therefore 
quite  permissible  to  accept  the  same  efiiciency  in  reducing  the  steam 
consumption  to  better  vacua  (the  author  states  that  this  was  denied  by 
previous  investigators)  ;  (c)  the  fact  that  the  output  of  a  turbine  grows 
with  the  increase  of  the  vacuum  while  the  thermodynamic  efficiency  does 
not  change  may  be  explained  only  by  the  assumption  that  the  velocity  of 
the  steam  increases  (beyond  the  critical  velocity,  and  that  this  high 
velocity  is  utilized.  Since  the  pressure  in  the  stage  next  to  the  last  is 
the  same  for  all  vacua,  it  is  only  the  last  two  stages  that  take  part  In 
the  utilization  of  the  high  vacua.  With  a  vacuum  of  90  per  cent  for 
which  the  turbine  was  designed,  already  in  the  stage  next  to  the  last 
the  pressure  falls  to  that  of  the  condenser,  and  the  last  stage  not  only 
produces  no  work,  but  consumes  some  through  blade  friction.  The  stage 
next  to  the  last  therefore  has  the  best  thermodynamic  efficiency.  The 
article  contains  complete  data  of  these  tests. 

Steam  Machinery  and  Fire  Engines  of  Leonard  da  Vinci  {Dwmpf- 
apparate  uiid  Feucrmaschineii  bei  Leonardo  da  Vinci.  Zeits.  des  Oesterr. 
Ingenicur  und  Architekten  Vereines,  vol.  64,  no.  28,  p.  440,  July  12,  1912. 
2  pp.  7  figs.  Ji).  Description  of  a  steam-gun  and  other  steam  machinery 
invented  or  described  by  Leonardo  da  Vinci,  and  particularly  some  experi- 
ments made  by  him  to  determine  the  volume  and  pressure  of  steam ;  also 
description  of  fire  engines  invented  by  him. 

Thermodynamics 

Gas  Entropy  Table  for  the  Latest  Values  of  Specific  Heats  {Gasen- 
iropielafel  fur  die  neusten  Werte  der  spezifischen  Wurmen,  A.  Stodola.  Zeits.  des 
Vereines  deutscher  Ingenieure,  vol.  56,  no.  25,  p.  1008.  2  pp.,  3  figs.  tA.).  The 
author  bases  his  new  table  on  the  values  of  Pier  as  given  in  the  German  engineer- 
ing pocket-book  "Hiitte"  (in  kilogram-molecules  per  deg.  cent.): 
Steam  Cv  =  6.065 -f  1.0  XlO-'f +0.2  XlO-'i* 

Carbon  dioxide  Cv  =  6.80+3.3XlO-3/-0.95X10-«/2-f0.1  XIO-V 
which  he  replaces,  for  the  purposes  of  the  entropy  table,  by  equations  of  the 
type  (in  kg.-molecules  per  deg.  absolute): 

C^  =  ay+bT+cT^ [11 

where  a  v  =  4.67,  and  b  and  c  are  so  selected  that  the  variations  within  the  tech- 
nically important  range  of  temperatures,  from  500  to  2000  deg.  cent,  absolute, 
be  as  small  as  possible.    The  above  formulae  become  then 
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For  Steam  Cv  =  4.67  +  1.263X10  ^r  +  LlSXlO-sT^ 

For  carbon  dioxide  C'v  =  4.67+8.004X10-37'-2.337X10-6r2 
which  differ  but  very  little  from  the  values  derived  from  the  Pier  equations,  as 
shown  by  Fig.  lOA.     From  Cv  the  specific  heat  for  constant  pressure  may  be 
obtained  by  the  usual  formula 

Cp  =  Ai24-Cv  or  about  2+Cv [2] 

The  introduction  of  [1]  and  [2]  into  the  formula  of  entropy  in  the  case  of  gases 
gives 


<S  =  a  V  Ign 


(9 


+  b{T-T.)  +  ^iT^--Tt)+ARlgn{-]  = 


+fc(T-To)+-(r= 


■Tl)+ARlgn 


CO 


which  is  the  old  Stodola  formula  of  entropy  for  gases  with  the  addition  of  the 

B 


<o4 

^    0° 


Heat  Contents 


Entropy 


COziCYdCcanJirrqfoPier  ^ 
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Fig.  lOA     Specific  Heats  of  Carbon  Dioxide  and  Steam 
Fig.  lOB    Entropy  Diagram  for  Specific  Heats  Varying  according  to  Parabolic  Law 


term  containing  c,  and  it  is  sufficient  to  plot  on  the  line  h  in  the  entropy  table  the 

c  ., 

parabola  -  {T'^  —  Tl)  from   Fig.   lOB,  to  obtain,  within  the  range  BB2  the  new 

entropy  values.  It  is  to  be  measured  from  the  curvilinear  axis  c  and  gives  as  an 
adiabatic  curve,  i.  e.  with  *S  =  const.,  the  c  parabola  itself  only  displaced  about 
BB-i,  as  indicated  by  the  expansion  line  BC.  This  adiabatic  curve  preserves  the 
property  according  to  which  the  change  of  the  heat  content  during  a  reversible 
change  of  state  is  equal  to  the  area  between  the  curve  of  state  and  the  adiabatic 
curves  down  to  the  zero  line. 

The  internal  heat  energy  is  expressed  by 

0         c. 
3 


T 

Jb  ( 


In  the  entropy  diagram,  B3B4  is  for  the  heat  energy  Wv  for  c  =  0;    if  the  cubic 

(^ 
parabola      T*  be  constructed  from  0',  BjB^  will  represent  the  total  heat  energy. 

o 
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For  the  heat  contents  the  author  gives  the  expression 
_     ^        __i^f^  Wr=  \CpdT=  \{Cy+AR)dT  =  WytART 

As  an  illustration  the  author  constructs  an  entropy _diagram  for  the  Holz- 
warth  gas  turbine. 

Miscellanea 

MuToK  Plows  Testing  {Die  Prilfung  von  Motorpfiugcn,  Dr.  Martiny. 
Der  Mutorwaijcn,  vol.  15,  no.  20,  July  20,  11)12.  t).  The  object  of  testing 
i.s  the  detenuiuatiou  of  the  agricultural  value  of  a  motor  plow.  The 
agricultural  value  of  plows  with  stationary  cutters,  such  as  the  Stock 
and  I.H.C.  types,  depends  on  the  total  cost  of  plowing  a  unit  of  ground 
(as  compared  with  plowing  by  horses,  steam,  or  electricity),  cost  of  addi- 
tional operations,  and  quality  of  work ;  that  of  plows  with  rotating  cut- 
ters, such  as  the  Koszegi  type,  depends  also,  perhaps  primarily,  on  the 
intlueuce  of  the  peculiar  handling  of  the  earth,  by  this  kind  of  plow : 
tiuely  cutting  and  thoroughly  mixing  it.  The  total  cost  of  plowing  a 
unit  of  ground  depends  on  the  cost  of  upkeep  of  the  machine  (depending  in 
its  turn  on  the  first  cost,  durability  and  strength  of  the  plow),  on  the( 
cost  of  fuel  and  attendance,  and  the  amount  of  ground  plowed  per  unit 
time  to  a  given  depth,  apart  from  interruptions  independent  of  the  action 
of  machinery.  The  output  in  units  of  plowed  area  cannot  be  determined 
just  by  measuring  it,  because  it  depends  on  the  properties  of  the  ground  as 
well.  (The  article  explains  this  in  detail.)  The  efficiency  of  a  motor 
plow  depends  further  on  the  strain  to  which  the  plow  is  subjected  at 
the  tests.  This  may  be  done  in  two  ways :  either,  while  plowing,  the 
gasolene  consumption  per  hour,  or  number  of  revolutions  per  minute,  and 
motor  governing  may  be  determined,  or  the  turning  moment  of  the  engine 
may  be  measured  by  a  torsion  dynamometer ;  in  laboratory  tests  the  motor 
may  be  placed  on  the  brake  stand,  and  the  hourly  consumption  of  fuel, 
speed  of  rotation  and  governing  may  be  determined. 

In  the  case  of  motors  with  rotating  cutters  the  most  important  are 
comparative  tests  of  production.  On  the  whole,  tests  of  plows  are  not 
pure  engine  tests,  but  pass  into  the  domain  of  plant  life,  in  determining' 
the  agricultural  result  of  the  work  delivered  by  the  engine.  This  makes 
this  kind  of  testing  very  difficult,  complicated,  and  subject  to  errors  which 
have  not  yet  been  quite  elucidated:  a  statistical  investigation  parallel 
to  the  experimental  appears  therefore  advisable. 

Lubricants  {Anahjsen  von  Alotor-Schmiermitteln,  N.  BikofiC  and  G.  v. 
Doepp.  Die  GasmotorentcchnU:,  vol.  12,  no.  4,  p.  63.  e).  Several  tables 
containing  data  of  tests  of  various  lubricants  for  internal-combustion 
engines  made  at  the  International  Exhibition  of  Internal  Combustion 
Engines  in  St.  Petersburg.  Most  of  the  oils  tested  were  of  Russian 
manufacture. 

Patent  Laws  of  Holland  (Das  hoUdndische  Patentrecht,  R.  Bauch. 
Zeits.  fur  Elektroteehnik  und  Alaschincnbaii,  vol.  15,  no.  29,  July  17,  1912. 
2   pp.   g).     The  first  patent   law   went   into   force  in   Holland  on   June  1, 
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1912,  aud  requires  the  patent  application  to  be  presented  in  five  copies. 
The  patent  olDce  considers  only  wlietlier  the  description  and  drawings  are 
such  as  to  make  the  invention  clear  to  men  familiar  with  the  respective 
art.  The  question  of  novelty  is  not  considered,  but  due  notice  of  the 
application  is  given,  and  the  application  itself  may  be  seen  in  Holland 
and  its  tiiree  great  colonies  by  anybody  interested  who  may  subsequently 
make  objections  to  the  grant  of  the  patent.  A  term  of  six  mouths  is 
set  for  objections,  and  a  small  fee  must  be  paid,  the  purpose  of  the  fee 
being  to  prevent  people  from  making  groundless  objections.  The  applica- 
tion must  be  made  by  the  inventor  himself  or  his  attorneys.  If  the 
invention  is  not  worked  during  five  years  the  patent  may  be  cancelled 
by  the  patent  oflice  unless  there  is  a  good  excuse  for  the  default.  Three 
years  after  the  grant  native  industrial  concerns  may  obtain  a  compulsory 
license  to  manufacture  the  patented  article.  Patent  decisions  may  be 
appealed  from  to  the  general  courts.  Patent  fees  are:  application  fee 
25  fl.,  fees  for  the  patent,  second  and  third  years  50  11.  each,  and  an 
increasing  fee  for  each  subsequent  year   (a  florin  is  equal  to  40.2  cents). 

Supplementary  References 

MoTOK  Fire  Engines  {Foreign  Review,  August  1912,  p.  1241).  Complete 
translation  in  AutomohUe,  August  1  1912. 

Use  of  Preheated  Air  in  Internal-Combustion  Engines  {Foreign  Rc- 
vieic,  April,  1912,  p.  G15).  Translation  of  the  article  from  the  Gasmotorcn- 
tcchmk.  but  without  the  diagram  reproduced  in  the  Foreign  Review,  in 
Aiitomohile,  July  IS  1912. 
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PRELIMINARY  REPORT  OF  LITERATURE 
COMMITTEE 

(XX) 
ARTICLES  IN  rEIUODICALS^ 

Air  Tra-s'smission  for  a  Gas-Engined  Vessel,  "  Closed  Circuit,"  The  Engi- 
neer (London),  July  2G,  1912.    3  pp.,  7  figs.     edpA. 

Description  and  diagram  of  engine  arrangement  ;  one  engine  coupled  to  shaft, 
other  connected  to  shaft  engine  through  heaters  and  piping  and  transmitting  its 
power  to   the  shaft  engine.     Also  description  of  producer. 

Diesel  Engine,  The  Langen  and  Wolf.     The  Eufiiueer  (London).  July  2G, 
1912.    1%  pp..  2  figs.    diiipG. 
Engine  made  in  sizes  up  to  GOO  h.p.   for  auxiliaries  on  shipboard. 

Explosions-Gasturbine,  Wirkungsgrad  der,  Hans  Holzwartli.  Zeitsehrift 
(les  Vereines  dcutscher  Inyenieure,  June  15-22,  1912.  Ct%  pp.,  G  tables, 
5  curves,    em. 

EfHciency  of  the  explosion  gas  turbine.  Reply  of  the  author  of  Die  Gasturbine 
to  Professor  Stodola's  criticism  of  that  book. 

Generatoren  Baues,  Neues  aus  dem  Gebiet  des.  Der  praJctische  Mas- 
chinen  Eonstrukteur,  April  11,  1912,  3  pp.,  5  figs.    cpA. 

Data  about  a  producer  gas  generator  with  turning  grates  built  by  Schneider  & 
Co.,  Le  Creusot,  France.  Power  required  to  turn  grates,  6  h.p.  ;  power  required  for 
blower,  4.5  h.p.  ;  air  pressure,  40  m/m. 

Generator  Gasfeuerung  fur  Brenn(>fen  der  feinkeramischen  Indus- 
trie, Die,  Walter  Stanipe.  Braunlohlc,  ^lay  24,  1912.  3  figs.,  1  curve. 
cepB. 

Discussion  over  the  advantage  of  using  producer  gas  fired  ovens  for  baking  fine 
ceramic  articles. 

Internal  Combustion  Road  Locomotives  and  the  Davis  Paraffin  Car- 
buretter, The  Royal  Agricultural  Show.  The  Eufiincer  (London), 
July  12,  1912.    2  pp.,  o  figs.    edpB. 

'  Opinions  expressed  are  those  of  tlie  reviewer,  not  of  the  Society.  Ar- 
ticles are  classified  as  c  comparative;  d  descriptive;  e  experimental;  h  his- 
torical ;  m  mathematical ;  p  practical.  A  rating  is  occasionally  given  by 
tlie  reviewer,  as  A,  B.  ('.  The  first  installment  was  given  in  The  .Toiu'nal 
for  May  1910. 
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MoTOB  Ships  a.\u  Saj-ktv  at  Ska.  Wliat  may  bo  expected  iu  the  uear  Future 
Judging  from  tbe  Uosulls  of  the  Motor  Ship  Sclandia's  Maiden  Voy- 
age.    The  Engineer  (London),  July  10,  1912.     Va' P-     cdpA. 

Oil  Engines.    Poiccr,  July  U,  IDll*.    2  i/li  pp.,  2  tables,    ce. 

Data  on  operating  costs,  oil  consumption,  etc.     From  repoit  of  the  I'rime  Movers 
committee  of  the  National  Electric  Light  Association. 

I'RouicEK  Plant  of  the  Ford  Motor  Cab  Company,  Gas,  O.  J.  Abell.  The 
Iron  Aye,  June  l."{,  !)12.    0  pp., '2  figs.      d. 

Selanuia's  Maiden  ^'ovAGE,  The.     The  Enyinecr   (London),  July  19,  1912. 

!L>  p.    dp. 

Tlie   motor   ship   madf   Iier   flrst   voyage   of   '^1,840   miles   carrying   9300    tons    of 
cargo  on  a  consumption  of  t)  tons  of  oil  per  24  hours. 

Vehgaseb  von  Motokeahrzeugen,  Studie  uber  die,  a.  Heller.     Zeitschrift 
des  Vereines  deut.feher  Inyenleure,  July  G,  1912.     9  pp.,  7  figs.,  1  table, 
S  curves,     dinij. 
A  study  of  automobile  carburettors. 

Zweitaktmotors,   Untersuchung  des  Arbeitsprozesses  eines,   H.   Scheit. 
Zeitschrift  des  Vereines  deutscher  iiKjenicure,  June  1,  1912.     9  pp.,  10 
figs.,  6  tables,  9  curves. 
.\n   investigation   of  the  two-cycle  engine. 
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EMPLOYMENT  BULLETIN 

The  Society  considers  it  a  special  obligation  and  pleasant  duty  to  be  the  medium  of  securing 
better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention  and  is  most 
anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are  not  repeated 
except  upon  special  request.  Copy  for  the  Bulletin  must  be  in  hand  before  the  12th  of  the  month. 
The  list  of  men  available  is  made  up  of  members  of  the  Society,  and  these  are  on  file  in  the  Society 
oflBce,  together  with  names  of  other  good  men  not  members  of  the  Society,  who  are  capable  of  filling 
responsible  positions.    Information  will  be  sent  upon  application. 

POSITIONS    AVAILABLE 

OISS  Young  engineer,  who  has  specialized  in  design  and  manufacture 
of  stokers.     Salary  $2(XiO.     Apply  through  the  Society. 

0189  Assistant  engineer,  permanent  position.  Must  be  experienced  de- 
signer of  electric  traveling  cranes.  Accurate  and  quick  at  figures ;  capable 
of  systematizing  engineering  data.  Give  references  as  to  experience  and 
personal  habits.  State  technical  training  and  salary  desired.  Apply 
through  the  Society. 

0190  New  York  concern  desires  first  class  chief  draftsman,  capable  of 
handling  efliciently  a  force  of  about  twenty  men.  Should  possess  thorough 
technical  knowledge  and  have  special  experience  in  design  of  centrifugal 
pumping  machinery  and  steam  turbines. 

0191  Superintendent  wanted  for  established  and  growing  two-cycle 
marine  motor  factory,  located  in  large  city  in  the  Middle  West.  Must  be 
good  mechanic,  capable  of  designing  jigs,  resourceful  and  a  producer. 
Salary  $2000.    Apply  through  the  Society. 

0192  Head  draftsman  wanted  by  firm  manufacturing  pumping  machin- 
ery, employing  40  men  in  engineering  department.  Must  have  had  a  suc- 
cessful experience  as  an  executive,  either  as  chief  draftsman  or  second 
hand,  in  a  large  modern  i»lant.  preferably  along  similar  lines  of  work.  A 
man  of  sanguine  temperament,  energetic,  enthusiastic,  and  with  initiative, 
is  desired,  thoroughly  acquainte<i  with  up-to-date  drawing  room  methods 
and  system ;  a  good  designer  and  standardizer.    Apply  through  the  Society. 

0193  Man  capable  of  perfecting  not  only  actual  working  device  but  fol- 
lowing through  the  shop  and  making  a  success  of  a  folding  machine  for  in- 
serts in  connection  with  newspapers,  magazines,  etc.,  capacity  of  10,000 
an  hour.    Salary  $1500  and  upward.    Apply  through  the  Society. 

0194  Competent  engineer  to  take  charge  of  two  boilers  of  about  30  h.p. 
and  drive  ice  machines.     Must  be  experienced  in  foundry  work.     Salary 
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$100  per  month,  with  free  quarters.     Sigu  agreement  for  three  years.     M. 
ShaiU  Ipoh.  Straits  Settlements,  British  India. 

MEN    AVAILABLE 

479  Mechanical  engineer  or  superintendent  for  large  corporation ;  ex- 
perience along  liroad  meehanieal  and  steam  power  lines;  executive,  with 
ability  to  handle  large  number  of  men,  or  will  consider  proposition  to 
act  as  consulting  engineer. 

480  Mechanical  engineer,  40  years  of  age,  American,  has  had  both 
practical  shop  and  technical  training;  Is  expert  in  the  up-to-date  manu- 
facture of  interchangeable  i)arts,  resourceful  in  design  and  process  for 
reducing  the  cost  and  increasing  production,  good  organizer  and  system 
man  with  excellent  executive  ability,  expert  in  the  design  and  manufacture 
of  commercial  vehicles,  lioth  gasolene  or  electric,  Edison  or  lead  storage 
batteries.     Can  furnish  best  of  references. 

4S1  Member,  possessing  broad  general  experience  in  shop,  drafting  room, 
and  executive  positions,  desires  connection  with  large  manufacturing  com- 
pany where  ability  in  devising  labor-saving  appliances,  machinery,  and 
methods  of  manufacture  will  be  of  value.  Part  of  remuneration  preferably 
based  upon  percentage  of  savings  effected  in  reduction  of  manufacturing 
cost. 

482  Junior,  M.I.T.  graduate,  three  years  experience  in  building,  design 
and  construction.  At  present  emi>loyed  as  engineer  by  large  industrial 
concrn.  Desires  position  with  firm  of  constructing  engineers  or  building 
contractors. 

4S3  Mechanical  engineer,  33  years  old.  married,  graduate  of  leading 
technical  school,  wishes  position  as  manager  of  small  growing  plant.  Three 
years  experience  as  machinist  apprentice  and  two  years  as  draftsman, 
four  years  in  industrial  and  production  engineering,  installing  cost,  shop 
and  production  systems  rearranging  and  e<iuiping  plants  for  increased  effi- 
ciency, standardizing  products,  operations  and  tools.  Now  employed  as 
general  suiierintendeut  of  factory  employing  150  to  200  men. 

484  Mechanical  and  electrical  engineer,  ten  years  experience  in  the 
design,  construction.  operatit)n  and  management  of  steam  and  water  power 
plants  for  industrial  and  public  service  companies,  desires  permanent  posi- 
tion with  consulting  or  contracting  engineers  in  or  near  New  York. 

485  Associate  member,  age  38  years.  Lehigh  I'niversit.v  graduate,  now 
in  charge  of  the  construction  of  a  9000-kw,  lighting  plant,  will  be  oi>en  for 
employment  in  an  executive  capacity,  as  manager,  engineer  or  superinten- 
dent, upon  the  completion  of  the  present  work,  October  or  earlier.  Sixteen 
years  varied  experience  along  mechanical,  electrical  and  civil  engineering 
lines,  involving  design,  supervision,  construction,  operation,  purchasing, 
etc..  in  connection  with  electric  railways,  power  and  industrial  plants,  etc. 
Good  executive.     Salary  .?3()00. 

486  Superintendent  of  power  department  or  power  plant.  Wide  ex- 
perience covering  twelve  years  in  construction  and  operation.     Expert  on 
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modern  steam  turbine  plants.  I'ractical,  systematic  and  economical.  With 
present  concern  five  years. 

4S7  JNIenilier,  with  twelve  years  experience  in  jobbing  and  contract  work, 
covering  foundry,  machine,  boiler  and  plate,  and  structural  steel.  Experi- 
ence from  draftsman  to  superintendent.  At  present,  sales  engineer  for 
large  power  house  engineers  and  contractors. 

4SS  Position  as  works  engineer  wanted  by  member,  34  years  of  age,  of 
broad  experience  in  power  plant  design,  construction,  operation,  heating 
systems,  building  construction  and  general  factory  engineering. 

4S9  Position  desired  by  executive  engineer,  member.  3G  years  old,  seven- 
teen years  broad  experience  in  designing,  building,  erecting  and  operating, 
power  generating,  liydraulic,  electric,  crushing,  grinding,  conveying,  power 
transmission  and  machine  tool  machinery  ;  concrete  and  civil  engineering. 
Past  seven  years  executive  positions  in  industrial  plants,  competent  or- 
ganizer and  handler  of  labor,  able  to  secure  from  both  labor  and  machinery 
maximum  economic  output.  Average  salary  for  past  four  years,  $5000. 
Present  location.  South  West,  excellent  references  from  past  connections. 

490  Technical  graduate,  30  years  of  age,  Junior  member,  at  present 
employed  in  locomotive  shops,  five  years  designing  and  estimating  costs 
in  the  manufacture  of  railroad  and  contractors  equipment.  Four  years 
with  engineers  and  contractors  on  power  and  industrial  plant  design.  Will 
consider  position  as  assistant  engineer  salesman  or  branch  manager.  Per- 
sonal interview  can  be  arranged  in  New  York  or  Philadelphia.  Minimum 
salary  at  beginning,  $1800. 

491  Associate,  aged  35,  at  present  employed  as  checker  in  drawing 
room,  desires  position  of  some  responsibility  in  Philadelphia  or  suburbs. 
Sixteen  years  experience  in  civil,  structural  and  mechanical  lines,  mainly 
the  last.  Employed  as  draftsman,  squad  foreman,  chief  draftsman  and 
checker  at  rolling  steel  and  pipe  mills,  by-product  coke  ovens  and  on  chemi- 
cal apparatus,  steel  cars  and  locomotives. 

492  Position  as  superintendent,  assistant  superintendent  or  mechanical 
engineer  of  manufacturing  plant,  twenty  years  experience  covering  coal- 
handling  machinery,  agricultural  implements  and  house-heating  apparatus. 
At  present  employed.    Details  and  references  furnished  to  those  interested. 

493  Mechanical  engineer,  technical  graduate,  desires  position  as  assis- 
tant superintendent  or  designer.     Can  furnish  good  references. 

494  Motor-truck  engineer  open  for  position  as  transportation  expert  and 
efficiency  man ;  competent  to  investigate  and  report  upon  delivery  system. 
Eight  years'  continuous  experience  in  this  industry  in  designing,  con- 
structing, testing  motor  trucks,  and  writing  on  truck  subjects. 

495  Position  desired  with  mechanical  trade  paper  by  editor  and  writer 
of  several  years'  experience.  Sufficient  previous  practical  training  and 
technical  education.  Knowledge  of  cuts,  printing,  make-up  and  make- 
ready,  all  phases  of  publishing  work.  Competent  to  bear  responsibility 
and  direct  others. 

496  Technical  graduate  and  member  desires  position  as  works  manager 
or  superintendent.  Wide  experience  in  manufacture  of  high-pressure  boil- 
ers.     At  present  employed. 


ACCESSIONS  TO  THE  LIBRARY 

With  Comments  by  the  Librarian 

This  list  includes  only  accessions  to  tlie  library  of  this  Society.  Lists  of  acces- 
sions to  the  libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on  request 
from  Calvin  W.  Rice,  Secretary  Am.  Soc.  M.  B. 

Allison.  A  Paper  prepared  and  read  before  the  Historical  Society  of 
Scliuylkill  County,  Penn.,  Eobt.  Allison,  April  24,  1912.    Gift  of  author. 

American  Institute  of  Chemical  Engineers.  Trans,  vol.  4,  1911.  T^ew 
York;  1912.    Gift  of  institute. 

American  Society  of  Mechanical  Engineers.  Journal,  vol.  34,  nos.  1-6. 
l^ew  York,  1912. 

Annuario  Biograf  CO  DEL  C  RCOLO  Matematico  di  Palermo.  1912.  Palermo, 
1912.    Gift  of  Circolo  Matematico  di  Palermo. 

Les  Appareils  de  Levage  de  Transport  ft  de  Manutention  m^canique, 
Etienne  Pacoret.    Paris,  1911.    Gift  of  the  Hunt  Memorial  Fund. 

Association  of  American  Steel  Manufacturers.  Standard  Specifications 
Governing  the  Allowable  Variations  in  Size  and  Weight  of  Hot  Rolled 
Bars,  as  adopted  1910. 

Standard  Specifications  governing  the  Chemical  and  Physical  Prop- 
erties of  Concrete  Reinforced  Bars  1910. 

Standard  Specifications  Governing  the  Chemical  and  Physical  Prop- 
erties of  Bessemer  Steel  Rails  as  adopted  May  24,  1906. 

Standard  Specifications  Governing  the  Chemical  and  Physical  Prop- 


erties of  Structural  and  Special  Open  Hearth  Plate  and  Rivet  Steel,  as 
adopted  August  9,  1895.    Gift  of  association. 

Boston.  Metropolitan  Water  and  Sewerage  Board.  11th  Annual  Re- 
port.   Boston,  1912.    Gift  of  board. 

Carnegie  Foundation  for  the  Advance.a{ent  of  Teaching.  Medical  Edu- 
cation in  the  United  States  and  Canada.    Bull.  no.  4.    Neiv  York,  1910. 

ChaudiSres  et  Condenseurs,  F.  Cordier.    Paris,  1909. 

Congreso  Cientifico  (1°  Pan  Americano)  Agronomia  y  Zootecnia.  Vol. 
2.    Santiago  de  Chile,  1912.    Gift  of  congress. 

Dinglers  Polytechnisches  Journal.    Vol.  325.    Berlin,  1910. 

Forme,  Puissance  et  Stability  des  Poissons,  F.  Houssay.     Paris,  1912. 

Die  Gasmaschinen,  Albrecht  von  Ihering.    2  vols.    Leipzig,  1907,  1909. 

Ubeb  die  Gesetze  der  Warmestrahlung.  Nobel  Vortrag  gehalten  am  11 
Dezember  1911  in  Stockholm,  W.  Wien.    Leipzig,  1912. 
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Handbuch  dek  autogenen  Metallbearueitung,  Theo.  Kautny.    evl.  2.    Halle 

a.  S.,  J912. 
Hausmuhl  lnd  Strassenkehricht,  Clemens  Dorr.    Leipzig,  1912. 
Industrial  Plants,  F.  S.  Hinds.    Boston,  1907.    Gift  of  author. 
International  Combustion  Engines  and  Gas  Producers,  C.  W.  Asliling 

and  E.  Roesler.    London,  1912. 
Iowa    State   College   of   Agriculture   and   Mechanic   Arts.     Catalogue, 

1912-13.    Ames,  1912.    Gift  of  college. 
Liquid  Fuel  and  its  Apparatus,  Wm.  H.  Booth.    London,  1911. 

MfiTHODES    ECONOMIQUES    DE    COMBUSTION    DANS    LES    ChAUDI£bES    A    VaPEUE, 

J.  Izart.    Paris,  1911. 

Moteurs  d' Aviation  et  de  Dirigeables,  M.  H.  Andr§.    Paris,  1910. 

New  York  Railroad  Club.  Official  Proceedings,  vol.  18.  New  York,  1907- 
1908. 

Practical  Gyrostatic  Balancing,  H.  Chatlej^     London,  1912. 

Recherches  sur  les  Proprietes  de  la  Vapeur  d'Eau  Surchauffee,  Ar- 
mand  Duchesne.    Paris,  1911. 

Selection  of  a  Boiler  Feed  Water,  J.  C.  Wm.  Greth.  Reprinted  from  Pro- 
ceedings of  Engineers  Society  of  Western  Pennsylvania,  April  5,  1910. 
Gift  of  Wm.  B.  Scaife  &  Sons  Co. 

Sketches  of  Engine  and  Machine  Details,  Wallace  Bentley.  ed.  5.  Hali- 
f  ax-London,  1912. 

Smoke  :  A  Study  of  Town  Air,  J.  B.  Cohen  and  A.  G.  Ruston.  London, 
1912. 

SoziAL  Technik.     Vols.  7-10.    Berlin,  1907-1911. 

Tabulated  Weights  of  Angle,  Tee  and  Bulb  Iron  and  Steel,  C.  H.  Jor- 
dan,   ed.  6.     Londmh  1909. 

Theorie  und  Berechnung  von  Motor-Luftschiffen,  C.  Eberhardt.  Ber- 
lin, 1912. 

Le  Vol  sans  Battement,  L.  P.  Mouillard.    Paris,  1912. 

Water  Softening  and  Purification  for  Coal  Mine  Operations,  J.  C.  Wm. 
Greth.  Read  before  the  West  Virginia  Coal  Mining  Institute,  June  7, 
1910.    Gift  of  Wm.  B.  Scaife  &  Sons  Co. 

UNITED  ENGINEERING  SOCIETY 

Joseph   Dixon  One  or  the  World  Makers,   E.   Hubbard.     East  Aurora, 

1912.    Gift  of  Jo.seph  Dixon  Crucible  Co. 
Ohio   Railroad   Commission.      Reiwrt,    1911.     Springfield,   1911.     Gift   of 

commission. 
Pittsburgh,    Pa.      Flood    Commission.     Report,    1911.     Pittsburgh,    1911. 

Gift  of  commission. 
Railway  Economics.     A   Collective   Catalogue  of   Books  in   Fourteen 

American  Libraries.     Prepared  by  the  Bureau  of  Railway  Economies. 

Chicago.    Gift  of  W.  P.  Cutter. 
St.  Louis  Public  Library.     Annual  Report  May  1,  1911-April  30,  1912.    St. 

Louis,  1912.    Gift  of  St.  Louis  Public  Library. 
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EXCHANGE 

The   Shipbuilder.     Annual    international   number,    1012.      Keivcaf^tlc-upon- 
Tync,  1012. 

TRADE  CATALOGUES 

Central  Electric  Co.,  Chicago,  III.    Catalogue  No.  28  of  electrical  supplies, 

1112  pp. 
Ingersoll-Rand  Co.,  Xcw  I'orA-,  N.  Y.    Pneumatic  drills,  10  pp. 
Sprague  Electric  Works,  Ncic  York,  N.  Y.     Sprague  electric  grab-bucket 

cranes,  24  pp. 
Samu'l  C.  Tatuni  &  Co.,   Cinciiiiiali,   O.     Drilling,   punching,  perforating 

of  paper,  40  pp. 


OFFICERS  AND  COUNCIL 

President 
ALEX.  C.  HUMPHREYS 


Termn  expire  1912 
GEORGE  M.  BRILL 
E.  M.  HERR 
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W.KENT 

E.  F.  MILLER 

ARTHUR  WEST 

A.  C.  WOOD 

Conservation 

G.  F.  SWAIN,  Chmn. 
C.  W.  BAKER 
L.  D.  BURLINGAME 
M.  L.  HOLMAN 
CALVIN  W.  RICE 


Student  Branches 

F.  R.  HUTTON,  Chmn. 

Refrigeration 

D.  S.  JACOBUS 

A.  P.  TRAUTWEIN 

G.  T.  VOORHEES 
P.  De  C.  ball 

E.  F.  MILLER 

Research  Committee 
Sub-Committee  on  Safety 

Valves 
P.  G.  DARLING 
H.  D.  GORDON 

E.  F.  MILLER 

F.  L.  PRYOR 
F.  M.  WHYTE 


Note — Numbers  in   parentheses  indicate   number   of  years   the   member   has   yet   to   serv*. 


1410 


SPECIAL  COMMITTEES 
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AUTHORIZED 
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HONORARY 

CHAIRMAN 

CHAIRMAN 

CORRESPONDINfi 
SECRETARY 

Stevens  Inst,  of  Tech. 

Dec.  4,  1908 

Alex.C. Humphreys 

J.  H.  Vander  Veer 

J.  Strauss 

Cornell  University 

Dec.  4.  1P08 

R.  C.  Carpenter 

S.  D.  Mills 

D.  S.  Wegg,  Jr. 

Armour  Inst,  of  Tech. 

Mar.  9,  1909 

G.  F.  Gebhardt 

E.  R.  Burley 

H.  R.  Kuehn 

LeIandStan  ford  Jr.  Univ. 

Mar.  9,  1909 

W.  F.  Durand 

C.  W.  Scholefield 

V.  W.  Winter 

Brooklyn  Poly.  Inst. 

Mar.  9,  1909 

W.  D.  Ennis 

A.  Seubert 

G.  W.  Weitlauf 

Purdue  University 

Mar.  9,  1909 

G.  A.  Young 

A.  W.  Kimmel 

G.  F.  Lynde 

University  of  Kansas 
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P.  F.  Walker 

V.  H.  Hiliord 

L.  L.  Browne 

New  York  University 

Nov.  9, 1909 

C.  E.  Houghton 

Harry  Anderson 

Andrew  Hamilton 

Univ.  of  Illinois 

Nov.  9,  1909 

W.  F.  M.  Goss 

L.  G.  Smith 

C.  A.  Schoessel 

Penna.  State  College 

Nov.  9,  1909 

J.  P.  Jackson 

J.  A.  Kinney 

H.  S.  Rogers 

Columbia  University 

Nov.  9,  1909 

Chas.  E.  Lucke 

E.  W.  Stone 

E.  A.  Jarecki 

Mass.  Inst,  of  Tech. 

Nov.  9,  1909 

E.  F.  Miller 

J.  G.  Russell 

J.  B.  Farwell 

Univ.  of  Cincinnati 

Nov.  9,  1909 

J.  T.  Faig 

C.  W.  Lytle 

A.  O.  Hurxthal 

Univ.  of  Wisconsin 

Nov.  9,  1909 

A.  G.  Christie 

W.  D.  Meyer 

H.  C.  Prochazka 

Univ.  of  Missouri 

Dec.  7,  1909 

H.  Wade  Hibbard 

A.  C.  Edwards 

P.  A.  Tanner 

Univ.  of  Nebraska 

Dec.  7,  1909 

J.  D.  Hoffman 

P.  S.  Toney 

M.  C.  Evans 

Univ.  of  Maine 

Feb  8,  1910 

Arthur  C.  Jewett 

A.  H.  Blaisdeil 

W.  B.  Emerson 

Univ.  of  Arkansas 

Apr.l2,  1910 

B.  N.  Wilson 

J.  A.  Dickinson 

W.  B.  Gardner 

Yale  University 

Oct.ll.  1910 

L.  P.  Breckenridge 

C.  E.  Baoth 

O.  D.  Covell 

Rensselaer  Poly.  Inst. 

Dec.  9   1910 

A.  M.  Greens,  Jr. 

W.  D.  Small 

O.     A.   Van  Den- 
burgh,  Jr. 

State  Univ.  of  Ky. 

Jan.  10.  1911 

F.  P.  Anderson 

J.  W.  Gary 

J.  T.  Lowe 

Ohio  State  University 

jRn.lO,  1911 

E.  A.  Hitchcock 

J.  P.  Stewart 

H.  F.  Belt 

Washington  University 

Mar.ln,1911 

E.  L.  Ohie 

E.  Dougherty 

E.  L.  Lacey 

Lehigh  University 

June  2.  1911 

H.  A.  S.  Howarth 

E.  E.  Finn 

Nevin  H.  Guth 

Univ.  of  California 

Feb.13,  1912 

Joseph  N.  LeConte 

G.  M.  Simonson 

G.  H.  Hagar 
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THE    WARNER    cV    SWASEY    COMPANY 

Works  and  Main  Oflke:  CLEVELAND,  U.  S.  A. 
Branch  Offices:     NEW  YORK,  BOSTON,  DETROIT  and  CHICAGO 


TURRET  LATHES        TURRET  SCREW  MACHINES        BRASS-WORKING  MACHINE  TOOLS 

UNIVERSAL   HOLLOW -HEXAGON 

T^l    TDDCnr     I      AXl— [t7Q        FOR  BAR   AND  CHUCKING    WORK— 
1  UKKll.  1       L/A  1  rlll.O EQUALLY     EFFICIENT    FOR    BOTH. 


Two  HIGHLY  KFFI- 
CIENT  machines  in 
ONE — c  o  m  b  i  n  i  n  g  tho 
RAPIDITY  and  AC- 
CURACY of  the  Turret 
Lathe  and  the  SIMPLIC- 
ITY and  ADAPTABIL- 
ITY of  the  Engine  Lathe. 

Two  independent  tool  car- 
riages, operating  simul- 
taneously ;  multiple  cut- 
ting tools  ;  geared  head, 
single  pulley  drive;  great 
strength  and  rigidity. 

Two  sizes — 
No.  2A— Bar  work  2^x26 ; 
chucking  12". 
No.  3 A— Bar  work  :i\xSi> 
chucking  15". 


A'o.  ,M — Willi  "Chucking  Equipment" 


STEAM 


GAS 


[,4llie^"i«^3i 


BUCKEYE  GAS  ENGINES 

Owing  to  the  governing  system  the  regulation  equals  that  of  any 
modern  steam  engine,  insuring  successful  parallel  operation. 
The  mixing  apparatus  is  a  combination  of  quantity  and  quahty 
control,  the  double  ignition  system  is  simple  and  easily  adjusted, 
the  water  cooling  system  is  the  most  efficient  devi.sed.  Built  in 
horse  power.*  from  50  up,  for  Natural,  illuminating  or  producer  gas. 
Send  for  catalog. 

BUCKEYE  ENGINE  COMPANY 

SALEM,   OHIO  ^ 


GAS 


STEAM 


EXTRACTS  FROM  THE  BOOK  OF  THE 

COPIES  OF  THE  BOOK 

Multi-Stop  and  Double  Turners 

FIG.  1  illustrates  the  advantage  of  the  double  stop  for  each  position 
of  the  turret,  and  the  double  adjustment  of  each  turner.  This 
piece  has  six  finished  diameters  and  six  shoulders,  and  is  turned 
by  only  three  turners,  which  occupy  only  three  positions  on  the 
turret.  This  not  only  leaves  the  remaining  positions  free  for  other 
tools,  but  it  saves  the  operator  the  time  and  energy  required  to  run 
the  turret  slide  back  each  time. 

All  this  is  obtained  without  complication,  and  without  introduc- 
ing any  features  that  are  annoying  when  not  in  use. 

In  addition  to  the  double  stop  for  each  of  the  six  positions  of  the 
turret,  we  have  an  extra  stop,  consisting  of  a  pin  which  may  be 
dropped  into  any  one  of  the  six  holes  at  the  rear  of  the  turret  slide. 
This  makes  it  possible  to  borrow  five  extra  stops  for  any  one  of  the 
tools,  and  gives  to  this  tool  seven  length  or  shoulder  stops,  and  leaves 
one  stop  for  each  of  the  remaining  tools. 


Fig.  I 

The  illustrations,  Figs.  2  and  3,  give  examples  of  what  one  tool 
can  do  in  this  machine  on  chuck  work,  when  we  take  advantage  of 
the  seven  length  stops  and  the  seven  shoulder  stops  of  the  cross-feed 
head. 

Of  course,  in  general  practice  three  or  four  stops  for  one  tool  are 
all  that  will  be  needed,  but  since  the  modern  cutting  steels  have 
greater  durability,  there  is  nothing  lost  by  giving  each  tool  all  the 
work  it  can  do. 

Outer  face  and  all  shoulders  and  diameters  accurately  finished  to 
independent  stops  by  one  tool.  When  roughing  and  finishing  cuts 
are  required,  the  roughing  tool  can  be  set  near  enough  to  use  the 
same  stops  that  are  accurately  set  for  the  finishing  tool.  When  an 
extra  tool  is  used  to  give  a  roughing  cut  it  is  set  as  indicated  by 
dotted  lines  in  Figs.  2  and  3. 

We  find  it  difficult  to  illustrate  all  of  the  classes  of  work  that  can 
be  turned  out  by  this  machine,  but  a  little  thought  will  suggest 


Springfield,  Vt. 
U.  S.  A. 


Jones  &  Lamson 


Germany,  Holland,  Belgium,  Switzerland,  Austria-Hungary, 
M.  Koycmann,  Charlottenstrasse  112,  Ddsseldorf,  Germany. 


HARTNESS  FLAT  TURRET  LATHE 

MAILED  ON  REQUEST 


Fig    2 


many  forms  that  may  be  readily  handled  in  bar  and  chucking  work, 
both  steel  and  iron,  on  account  of  the  many  provisions  for  bringing 
both  turret  and  cross  slide  up  to  fixed  stops;  either  by  power  feed 
or  by   hand. 


Fig.  3 


Machine  Company 


Queen  Victoria  St. 
London,  England. 


France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray,  9  and 
11  Rue  des  Enviergea,  Paris.  Italy,    W.  Vogel,    Milan. 


These  Figures  Are 

Typical    Of   The 

Savings  You  Can 

Realize  With 

"CROWN" 

Sand 

Rammers 


"Crown"  Sand  Rammers, 
Floor    and    Bench    Types. 


The  table  below  shows  the  results  of  ob- 
servations in  representative  foundries  in  dif- 
ferent parts  of  the  country.  They  are  not 
"test"  figures,  but  results  accomplished  under 
every-day  working  conditions. 


Size  of 

Time  in  Peining 

Cope 

By  hand          By 

12'xl8"x4" 

5  min. 

12'xl8"xl0" 

10  min. 

6'x3'x6" 

20  min. 

6'x6'x8" 

35  min. 

8'x6"x6" 

1  hour 

7'x3'xl2" 

1  hr.  30  min. 

15'x30"xl6" 

2  hours 

12'x7'xl6" 

2  hr.  12  min. 

87"xl59"xlO" 

4  hours 

lS'x99"xl.5" 

8  hours 

By  Sand  Rammer 
1  min. 


Ratio  of 
Reduction 
1:5 
1:6.6 
1:6.6 
1:4.4 
1:6 
1:5.6 
1:4.4 
1:3.9 
1:6 
1:5.3 


Per  cent. 

time  saved 

80 

85 

85 


83 
82 
77 
74 
83 
81 


Ij  min. 

3  min. 

8  min. 
10  min. 
16  min. 
27  min. 
34  min. 
40  min. 

1  hr.  30  min. 

Note  that  these  figures  cover  the    entire  job-         __   ^  ^ ^ 

The  saving  of  74  to  85  per  cent  above  indicated  is  fairly  representa- 
tive of  what  "  Crown"  Rammers  will  do  for  you,  when  they  are 
intelligently  used  in  average  foundry  work. 

-\ntl   they  give   the   furtlier  advantage   of  making  better    castings,  more 
uniform  and  true  to  pattern,  as  a  result  of  the  harder,  more  uniform  ramming. 
Write  for  Bulletin  S20S. 


-both  ramiiiing  and  peining. 


NEW  YORK 


INGERSOLL-RAND  CO. 


LONDON 


Othcc^  in   Ail   Principal   Cities  of  tlie    World. 

COMPRESSORS       AIR  TOOLS       AIR   HOISTS       SAND  RAMMERS 


MESTA 


DESIGNERS  &  BUILDERS 


M€STA    T\flfO  STAOC  AIR  COMPRCSSOR 


M^STA    F I ff:,T  MOTION  TWIN  HOI'jTiNO £NOiNE 


SEND  FOR   OUR  LATEST   BOOKLET 


G-E   Motor  Driving  Air  Compressors,   American  Bridge  Co. 

Electric  Motor  Driven 
Air  Compressors 

Are    Economical    and    Dependable 

Both  first  cost  and  operating  expense  are  lower  where  air  compressors  are  driven  by 
G-E  motors,  instead  of  steam  engines. 

Motors  are  cheaper  than  engines  and  boilers,  and  require  onl}-  one  man  to  operate  a 
large  sized  plant.     He  need  not  be  a  licensed  engineer. 

The  absence  of  reciprocating  motion;  and  the  reduction  in  number  of  wearing  parts 
give  great  dependability.     The  lower  supply  and  labor  bills  show  high  economy. 

Where  power  is  bought  from  a  public  service  corporation  no  j)ower  cost  exists  when 
compressor  is  temporarily  shut  down. 

From  every  standpoint  it  will  pay  you  to  consult  the  motor  drive  specialists  of  the 
General  Electric  Company.     This  will  place  you  under  no  obligation. 

General  Electric  Company 


Atlanta,  Ga 
Baltimore,  Md. 
Birmingham,  Ala. 
Boi.se,  Idaho 
Boston,  Mass. 
Buffalo,  N.  Y. 
Butte,  Mont. 
Charleston,  W.  Va. 
Charlotte,  N.  C. 
Chattanooga,  Tenn 
Chicago,  111. 
Cincinnati,  Ohio 
Cleveland,  Ohio 
Columtjus.  Ohio 
Davenport,  Iowa 


Largest  Electrical  Manufacturer  in  the  Workl  Portland,  ore. 
General  Office  :    Schenectady,  N.   Y. 
ADDRESS    NEAREST    OFFICE 


Dayton,  Ohio 
Denver,  Colo. 
Detroit,  Mich. 
(Office  of  Agent) 
Erie,  Pa. 

Indianapolis,  Ind. 
Kansas  City,  Mo. 
Keokuk,  Iowa 
Kno.'cville,  Tenn. 
Los  Angeles.  Cal. 


Louisville,  Ky. 
Memphis,  Tenn. 
Milwaukee,  W'is. 
Minneapolis,  Minn. 
Nashville,  Tenn. 
New  Haven.  Conn. 
New  Orleans,  La. 
New  York,  N.  Y. 
Philadelphia,  Pa. 
Pittsburg,  Pa. 


Providence,  R.  I. 
Richmond.  Va. 
Rochester.  N.  Y. 
Salt  Lake  Cnty,  Utah 
San  Francisco,  C!al. 
St.  Louts,  Mo. 
Si'hcncctady.  N.  Y. 
Seattle,  Wash. 
Spokane.  Wash. 
Springfleld,  Mass. 
Syracuse,  N.  Y. 
Toledo,  Ohio 
Youngstown,  Ohio 

3721 


un  goods 
electrical 

For  Tc.\as  and  Oklahoma  business  refer  to  General  Blectrlc  Company  of  Te.xa.s. — Dallas,  El  Paso,  Houston  and 
Oklahoma  City.      For  Canadian  business  refer  to  Canadian  General  Electric  Company,  Lt'd,Toronto,  Ont. 
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MEAD-MORRISON 

MANUFACTDRING  COMPANY 


THE  accompanying  illustration  shows  the  coal  pocket  of 
Boyce  and  Barnes  now  owned  by  the  Curtis  Blaisdell 
Company,  and  was  originally  of  the  inclined-boom  tub  rig, 
which  has  since  been  changed  to  a  Mead-Morrison  automatic 
grab  on  mast  and  gaff  hoisting  outfit.  Steam  is  the  motive 
power  of  the  hoist,  and  by  means  of  an  automatic  or  weight 
balance  railway,  the  different  grades  and  variety  of  coal  are 
distributed  to  their  proper  bins.  The  grab  bucket  has  a 
capacity  of  one  ton  and  easily  handles  from  500  to  700  tons 
per  day. 

Correspondence  Invited 

WORKS  AND  GENERAL  OFFICES 

Cambridge,     Mass. 

NEW  YORK,  149  Broadway;  CHICAGO,  Monadnock  Block;  BALTIMORE, 
821  Equitable  Bldg.;  PITTSBURG,  108  W.  Park  Way,  N.  S.;  SAN  FRANCISCO, 
Metropolis  B'k  Bldg.;  NEW  ORLEANS,  110  N.  Peters  St.;  MONTREAL,  286 
St.  James  St.;  SEATTLE,  Bailey  Bldg.;  PORTLAND,  Lumbermen's  Bldg.;  LOS 
ANGELES,  1206  Union  Trust  Bldg. 


Force  Feed 
Lubrication  Pumps 

are  made  in  any  number  of  Feeds 
or  compartments  as  they  may  be 
ordered. 

^    The   most 
substantial,      I 
simplest      ^ 
in  construction 
and  reasonable 


in  price  of  any  pump  that  is  made. 


SECTIONAL      VIEW 

OF  PUMP  USED  ON 

OUR    FORCE    FEED 

LUBRICATING 

PUMPS 


WRITE  FOR 
CATALOGUE 


TRIPLE  PUMP  WITH  SIGHT  FEEDS 


HILLS  -  McCANNA  Company 


153  WEST  KINZIE  STREET 


CHICAGO,  ILL. 


____] 


Westinghouse  Mill  Motors  can  be  furnished  for  either 
direct  or  alternating-current  circuits. 

Maximum    plant     efficiency     is     possible 
when  Westinghouse  Mill  Motors  are  used. 

HIGH  plant  efficiency  —  a  continued 
daily  output  near  the  maximum  ca- 
pacity of  the  machines  in  operation — is 
possible  only  when  the  machinery  is  in 
continuous  operation,  when  there  are  few 
shut-downs  for  repairs. 

Westinghouse  mill  motors  give  the  kind  of  service  that  is 
necessary  in  obtaining  maximum  plant  efficiency.  They  are 
designed  to  meet  the  actual  service  requirements  and  are, 
above  all,  reliable. 

The  records  of  plants  where  a  large  number  of  West- 
inghouse motors  have  been  in  service  several  years, 
show  that  the  shut-downs  due  to  repairs  of  motors 
are  75  per  cent  less  than  those  of  the  average  plant 
not  equipped  with   mill  type  motors. 

Results  like  these  are  due  to  excellence  of  detail,  attained 
only  by  long  practical  experience  in  the  construction  of  mill 
motors  and  a  careful  investigation  of  their  performance  in 
actual  operation.  Some  of  the  details  incorporated  in  Wes- 
tinghouse mill  motors  are  as  follows: — 

The  frame  is  a  massive,  dust-proof  steel  casting. 

Fireproof  insulation  is  used  throughout,  which  permits  the  motor  to 
run  at  exceptionally  high  temperatures  without  undue  deterioration. 
The  shaft  is  very  large  in  diameter  and  made  of  the  best  grade  of  axle 
steel. 

Oil  ring  lubrication,  which  practical  tests  demonstrate  is  best,  is  used. 
The  bearings  are  dust-proof ,  insuring  long  life  to  bearings  and  shaft. 
Commutating  poles  in  direct-current  motors  make  commutation  spark- 
less  at  all  speeds  and  loads. 

A  special  system  of  heat  distribution  prevents  the  occurrence  of  hot  spots. 
All  parts  are   easily  accessible  and  are  arranged  so  that  they  can  be 
quickly  removed  and  replaced. 
Parts  are  duplicated  as  far  as  possible. 
Write  Dept,  6  toda\-  for  full  information  on  Westinghouse   mill  motors. 

Westinghouse    Electric   &    Manufacturing   Co. 


Sales  Offices  in  45  American   Cities 


East    Pittsburgh,   Pa. 


Relative 
Economy 


Ebiccson   Hot  Air  Engine 
^^^^1    Simple    Automatic   Non  Condensing  Steam  Engine 
^^^^^^^^^^^^^H  Compound  Condensing  Copliss  Steam  Cngine 


Gasoline  En&inc 


I  Df.  LflVtftGNE  4Cyclc  Gas  Engine 


^^^^^^^^^^^^■^^■^■^^^^^M  De  La  Vehgne  Oil  Engine 

TYPE    FH 

To  the  power-consuming  manufacturer  the  subject  of  economical  prime 
movers  is  one  of  rapidly  increasing  importance. 

The  fuel  consumption  of  an  engine  depends  on  two  factors — its  mechani- 
cal efficiency  and  its  thermal  efficiency. 

In  all  modern  engines  the  mechanical  efficiency  has  reached  the  limit  beyond 
which  it  cannot  go. 

To  decrease  fuel  consumption  we  must  therefore  increase  thermal 
efficiency.     Thermal  efficiency  is  a  measure  of  economy. 

The  diagram  above  indicates  the  thermal  efficiency  of  the  De  La  Vergne  type 
"FH"  oil  engine  in  comparison  with  the  thermal  efficiencies  of  various  other 
heat  engines.  The  lengths  of  the  respective  bars  represent  the  highest  thermal 
efficiency  (referred  to  delivered  horse-power)  reported  by  various  authorities  for 
the  different  engines 

Our  bulletin  No.  112  tells  you  more  about  the  De  La  Vergne  type  "FH"  oil 
engine.     It  is  sent  free  on  request. 


1123 

East   138th 

Street 


DE   LA  VERGNE 

MACHINE  COMPANY. 

We  also  build  Gas  Engines  and  Refrigerating  Machines. 


New  York 

City, 
New  York 


WHERE  NEW  PROCESS  PINIONS 
HAVE  HAD  YEARS  OF  SERVICE 
AND  ALWAYS  MADE  GOOD. 

Every  little  design  detail  in  the  mining  machinery 
ouilt  by  The  Denver  (Col.)  Engineering  Works  Co. 
i  i  as  good  as  can  be  made  by  experienced  engineers 
who  are  satisfied  only  with  the  best.  Hence  the 
continued  use  of  New  Process  Noiseless  Pinions  on 
tlie  motor  drive  of  many  types  of  their  electric  hoists 
i-i  significant.  Invariably  the  drives  equipped  with 
New  Process  Pinions  have  done  their  work  well  and 
the  Denver  Engineering  Works  Co.  tells  us, 

^  We  have  found  rawhide  gears  as  furnished  by  the  New 
Process  Rawhide  Co.  to  be  more  satisfactory  than  any 
others  ive  have  tried." 

Silence  and  absence  of  vibration  on  any  geared  motor 
drive  as  accomplished  by  New  Process  Noiseless  Pinions 
are  highly  desirable  and  ultimately  profitable  and  are 
certainly  worth  investigating.  Our  literature  and  en- 
gir.cers'  advice  are  yotu's  for  the  asking. 


NEW  PROCESS   IS  TO  ALL  OTHER     K^    RAWHIDE  AS  STEEL  IS  TO  IRON 

IheNEWPROCESS^v^pUl^jRAW  HiDE  CO. 

OFFICE  £.  WORKS    ^^/gt/^f     SYRACUSE,  N  .Y. 


REOISTERED 

!0 


HAMILTON  CORLISS 

HORIZONTAL  CRANK  AND  FLY  WHEEL 
PUMPING  ENGINES 

are  particularly  designed  for  hard  service  and  long  life  and  the  valves  are  arranged  in  the  annealed 
steel  casting  decks  in  such  mannner  that  the  flow  of  water  is  not  deflected  in  all  directions,  as  is 
necessarily  the  case  when  the  bee-hive  or  cage  system  is  used. 


Hamilton  Corliss  Engines  are  the  most  economical  steam  operated  prime  movers  known  and 
are  sold  on  their  operating  record. 

Send  for  Bulletin  "F" 

THE  HOOVEN,  OWENS,  RENTSCHLER  CO.,  Hamilton,  Ohio,  U.  S.  A. 


BALL  CORLISS  ENGINE 

With  Non-Detaching  Valve  Gear 

It  was  the  arop  cut-off  gear  which  made  the  Corliss  Engine  successful  and  economical  for  slow  speeds. 

The  feature  which  distinguishes  our  High  and  Medium  Speed  Engines  and  makes  them  superior  to 
all  other  four-valve  engines  is  our  patented  non-detaching  valve  gear. 

This  gear  by  positive  action  gives  the  valves  the  same  movement  that  thidrop  cut-off  of  the  slow 
speed  Corliss  produces  by  picking  up  and  dropping  them. 

The  valve  gear  opens  and  closes  the  valves  at  the  proper  time,  and  holds  the  valves  absolutely  still 
dming  over  half  a  revolution. 

The  valves  are  given  the  movement  necessary  for  the  greatest  durability  and  tightness,  and  the  best 
form  of  valve  is  made  possible. 

This  engine  marks  the  extreme  limit  of  excellence  so  far  reached  in  economy  and  quiet  running. 

BALL  ENGINE  CO.,  Erie,  Penn. 
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High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   >vith    one-half 
your  labor  cost  and  steam  consumption 


COST  OF  REPAIRS  REDUCED 


Eliminates  Heavy  Shocks  and 
Vibration 


SINGLE  LEVER  CONTROL 


SMALL  SIZES— Single  Frame  Type 
LARGE   SIZES— Four   Column  Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


ItANUPACTtTRED  UNDER  DAVY  BROS.,  LTD.,  PATENTS 


100  Tons  to  12,000  Tons  Capacity 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300   FARMERS'    BANK  BUILDING  PITTSBURG,   PA. 


Nash  Gas  Engines 


For  electric  lighting,  pumping,  storage  batteries,  and  all  power  requirements. 
Sizes  6  to  425  H.  P.  25  years'  leadership.  Operate  on  gas,  gasoline, 
producer  gas,  etc. 

NATIONAL  METER  COMPANY 

Established   34  CHAMBERS  STREET,  NEW  YORK  J°i^-c.^^«"«y 

Chicago        Boston       Pittsburgh      San  Francisco       Cincinnati        Los  Angeles 
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LUNKENHEIMER 
IRON  BODY  VALVES 

All  parts  of  these  valves  subjected  to  wear 
arc  renewable  and  are  made  of  a  high  grade 
bronze  composition  containing  a  large  j^er- 
centage  of  cop])er  and  tin.  The  iron  used  is 
hard  and  close-grained  and  has  a  tensile 
strength  of  2.5, 000  i)ovmds  per  square  inch. 

Made  in  Medium,  Heavy  and  Extra  Heavij 
F(ttterns,  guaranteed  for  working  pressures  up 
to  125,  175  and  250  pounds  per  square  inch 
respectively. 

The  line  consists  of  Globe,  Angle,  Cross, 
Check,  Gate,  Non-return  Safetj'  Boiler  Stop 
\'alves,  etc. 

This  line  is  also  made  in  "Puddled"  Semi- 
steel,  suitable  for  superheated  steam  and  se- 
vere service,  and  in  Cast  Steel  intended  for 
extreme  conditions  of  pres.sure,  superheat  and 
service. 

Spieiji/  mid  insist   upon  securing  genuine  Limkenheimer  make.     Do  not  accept 
■substitutes, — they  are  never  as  good  as  the  genuine. 
Your  local  dealer  can  furnish  them;  if  not,  write  us. 
Write  for  1912  catalogue. 

THE  LUNKENHEIMER  COMPANY 

Largest    Manufacturers    of    High    Grade    Engineering    Specialties    in    the    World 

General  Offices  and  Works:  CINCINNATI,  OHIO,   U.  S.  A. 

Xew  York.  Chicago,  Boston,  London,  S.  E., 

64-68  Fulton  St.  ISG  X.  Dearborn  St.  138  High  St.  35  Great  Dover  St. 
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We  have  found  that  rigid  inspection  pays 

both  the  manufacturer  and  user  of  Generating  Units.  The  RIEG- 
WAY  FOUR  VALVE  GENERATING  UNIT  is  the  result  of  that 
policy.  The  greatest  care  is  taken  in  the  selection  of  materials  for 
the  reciprocating  parts  of  the  engine  and  all  parts  subject  to  severe 
and  intermittent  strains,  as  well  as  in  cylinder  and  valve  castings. 
The  same  care  is  followed  in  the  construction  of  the  electrical  appa- 
ratus. The  highest  grade  of  insulating  material  is  used.  A  case  in 
point  is  the  fact  that  a  burned-out  armature  in  a  Ridgway  Unit  is 
unknown.  Your  rigid  inspection  is  welcomed — both  as  to  workman- 
-hip  and  results  of  actual  use.     Send  for  Bulletins  and  investigate. 

RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY.  PENNA. 
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CTHE  TRIPLEX  BLOCK> 


TheTriplex  Block  at  Panama 

HIGH  up  on  the  steel  faced  wall  of  the  Pan- 
ama locks  you  see  platforms  suspended  on 
Triplex  Blocks.  They  support  heavy  riveting 
machines. 

The  chasm  below  has  no  terrors  for  the  work- 
men. They  raise,  lower  or  adjust  the  platforms 
by  a  hand-chain  pull. 

The  load  on  a  Triplex  Block  is  carried  on  a 
steel  hook,  welded  to  a  steel  cham,  meshing  in  a 
steel  sheave,  turned  by  steel  geais,  driven  by  a 
steel  pinion.  Such  a  block  can  be  trusted  by 
every  workman  with  the  most  precious  load,  no 
matter  how  much  neglect  or  abuse  it  is  sub- 
jected to. 

Send  today  for  our  hcw  book  showing  latest  hoisting  practi,ce 
Triplex   (  16  Sizes:     Oae-QUarter  of  a  ton  to  forty  tons. 
Bocks:  I  300  Active  Stocks  all  over  the  United  States. 
Every  Block  Tested   to  Fifty   Per  Cent   Overload. 


The  Yale  &  Towne  Mfg.  Company 

Also  Duplex  Blocks.  Differential  Blocks  and  Electric  Hoists 
The    Makers  of   ^'alc   Products         ^vTaTH?^  9      Murray 

Locks,   Padlocks,   Builders'    Hardware,  fYALC-J  Mpw     York 

Door     Checks     and      Chain      Hoists.  ^^m^^^^^^^^  ^ncw       luiis., 

Local  Offices:  Chicago,  74  R^-idoloh  S:reet.  Sm  Francisco,  1,54  Rialto  Buildini; 

Canadian  Yale  and  Towne  Limited,  St.  Catharines,  Ontario. 


Street, 
U.S.A. 


THE  WIRES 

in  Roebling  Wire  Rope  are  made  from  carefully 
selected,  thoroughly  tested  metals. 

They  are  drawn  and  treated  so  as  to  develop 
to  the  fullest  extent  the  strength,  toughness  and 
pliability  required  for  high  grade  rope. 

These  wires  are  stranded  into  rope  in  accord- 
ance with  designs  proven  by  long  experience  to 
be  best  adapted  for  good  service. 


JOHN    A.    ROEBLING'S    SONS 

TRENTON,   N.  J. 


COMPANY 


New  York 
San  Francisco 


Agencies  and   Branches: 

Chicago  Atlanta 

Los  Angeles  Portland,  Ore. 


Cleveland 
Seattle 
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Handle  your 
materials  quickly 
and  economically 
with 

JEFFREY 
STORAGE 
BATTERY 
TRUCKS 


Battery  will  ojoerate  from  one  to  two 
days  on  a  .-ingle  charge,  depending 
upon  the  amount  and  severity  of  the 
service. 

No  skilled  labor  required  to  care 
for  batterv  or  truck. 


Two  of  these  trucks  in  daily  service, 
liandle  a  tonnage  of  over  4000  tons 
per  month  ;  showing  a  saving  of  over 
$600.00  a  month. 

The  truck  can  haul  material  on  its 
l)latform,  or  on  separate  trucks  as  a 
trailing  load. 

Write  us  for  full  particulars  regard- 
ing this  installation,  together  with 
copy  of  Bulletin  No.  13. 

Jeffrey    Mfg.    Co.,    Columbus,   O. 


New  York 

Boston 

Montreal 


Pittsburg 

Charleston,  W.  Va. 
Atlanta,  Ga. 


Birmingham 
Chicago 
St.  Louis 


Denver 

Seattle 

[9-1-12] 


GOODRICH 

Conveyor    Belts 

"  Best  in  the  Long  Run  " 


Goodrich  Tires  have  a  world-wide 
for  being  the  "best  in  the  long  run," 
so  also  have  the  Goodrich  Conveyor  Belts  established  their  claim 
to  the  use  of  this  appropriate  motto. 

Goodrich  Conveyor  Belts   run    the    longest.     This   means 
longest  life.     Isn't  that  what  you  want  ? 

Try  our  "Longlife  "  Brand  for  your  next  belt. 
"Best    in    the     Long     R  u  n"  -- "  L  O  N  G-L I F  E" 


The  B.  F.  Goodrich  Company,  Akron,  0. 


Largest  in  the  world 


TBAOE   MARK 
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THE  GARVIN  MACHINE  COMPANY 


Garvin  Die  Slotting  Machine 
Use  Code — Quietus 
Adjustments— 7  x5|  X  11^  in.     Stroke^-Si 


Manufacturers  of 
MILLING    MACHINES 

all  Styles  and 
Sizes 

SCREW  MACHINES 

MONITOR   LATHES 

FORMING    MACHINES 

CAM    CUTTING   MACHINES 

TAPPING   MACHINES 

DRILL  PRESSES 

CUTTER  GRINDERS 

HAND   LATHES 

SPRING   COILERS 

and 

SPECIAL  MACHINERY 

SLOTTING    MACHINES 
OFFICE  AND  WORKS 

137  Varick  Street 

NEW   YORK  CITY 

Visitors  Welcome 


Power  Transmission  Appliances 

FRICTION  CLUTCH  PULLEYS 
FRICTION  CLUTCH  COUPLINGS 
FRICTION  CLUTCH  QUILLS 
FRICTION  CLUTCH  OPERATORS 
FRICTION  CLUTCH  SHEAVES 


FLOOR  STANDS 

HEAVY  MILL  BEARINGS 

SHAFT  COUPLINGS 

SHEAVES  AND  TENSION  CARRIAGES 

PULLEYS  AND  FLY  WHEELS 


FALLS  CLUTCH  and  MACHINERY  CO. 

CUYAHOGA  FALLS,   OHIO,  U.  S.  A. 
New  York  City,  206  Fulton  St.     Boston,  54  Purchase  St.    Cincinnati,  208  Elm  St. 


THE  A.  &  F.  BROWN  CO. 

ENGINEERS,     FOUNDERS,     MACHINISTS 
AND     MILLWRIGHTS 

POWER     TRANSMISSION 
MACHINERY 

DESIGNED,    FURNISHED   AND    ERECTED 

SPECIAL     MACHINERY 

IRON     CASTINGS 


Pf  Ictlon  Clutch  Pulleys 
and  Coupllnga 

WORKSi    ELI2ABETHPORT 
NEW  JERSEY 


Gears  of  all  kinds 
and  Blzes 

SALES    ROOM;   172    FULTON   ST. 
NEW  YORK  CITY 
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ALLIANCE  CRANES  AllTypes 

Also  Rolling 
Mill  and 
H  y  dra  ul i  c 
Machiner}', 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 


THE  ALLIANCE  MACHINE  CO.  alliance,  ohio 

Pittsburg  Office,  Frlck  Building  Birmingham  Office,  Woodward  Building 


COMPLETE      FOUNDRY      EQUIPMENT 

For  Grey  Iron,  Brass,  Car  Wheel,  Pipe,  Steel  &  Malleable 
Casting  Plants.     Buildings  designed  and   furnished. 
Equipment  installed.     Initial    operation    con- 
ducted by  our  experts  at  moderate  charge. 
All  types  of  C  R  A  N  E  S    for  every  service 


Practical  designs 
Reliable  construction 


Catalogs  and  full  in- 
formation on  request 


Elevators 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 

No.  Price 

820  Elevator,  C.   R.   Pratt $0.50 

940  Elevator  Safeties,  C.  R.  Pratt 10 

981  Test  of  a  HydrauHc  Elevator  System,  R.  P.  Bolton 10 

1128  Test  of  a  Plunge  Elevator  Plant,  A.  J.  Herschmann .30 

1161  A  High-Speed  Elevator,  C.  R.  Pratt 40 

1300  Operating  Conditions  of  Passenger  Elevators,  R.  P.  Bolton .10 

$1.50 

Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 


CLYDE  Hoisting  Engines 

have  steel  gears  and  ratchets.   Shafting  is 
extra  heavy  v^ith  long  bearings.    Connect- 
ing rods  have  solid   ends.     Boilers 
have  large  heating  surface. 

Large  stocks  on  hand— Ask  for  catalogue. 

i  CLYDE  IRON  WORKS,   duluth,  minn. 

CHICAGO,  ILL.  NEW   YORK  SAVANNAH 

318-19  Fisher  Bldg.         NEW  ORLEANS         HOUSTON 
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Simplex  not  Duplex 
"To  be  simple 
is  to  be  great" 


^^2i: 


Steam  and  Power  Pumping  Machinery 

For  every  service 

American  Compound  Pumps  work- 
ing on  Elevator  or  Water  Works 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable 
and  ready  to  work  with  the 
Governor. 

Our  No.  18  Catalogue  goes  into  detail*. 


Compound  Packed  Plunger  Pump. 

American  Steam  Pump  Company, 


Battle  Creek,  Mich. 
U.  S.  A, 


The  Driver  Cannot  Become 

Seriously  Overloaded 

under  any  conditions  at  the  specified  speed  when  Goulds 
Single  Stage  Double  Suction  Centrifugal  Pumps  are  used. 

This  and  other  special  features  of  the  Goulds 
design  are  described  in  Bulletin  110. 
Send  for  a  Copy. 


©yt© 


78  W.  FALL  ST.,  SENECA  FALLS,  N.  Y. 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all  Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &HUBBELL,  Agents,  61-69  N.  Jefferson 

Street,  Chicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 

New  York  Office,  139-41  Cortlandt  Street 


A  VENTURI  METER 
IN  SERVICE 

measuring  HOT  WATER  in  the 
boiler  plant  of  a  prominent 
Philadelphia  concern. 

Per  ma  nentl  y  Accurate 
because  Meter  Tube  contains  no 
mechanism. 

Bulletin  No.  68  upon  request. 

BUILDERS  IRON  FOUNDRY 
Providence,  R.  I. 


INDIVIDUAL  SANITARY  WASH  BOWLS 


Arranged  In  Single  or  Double 
Batteries,  of  Practically  Any 
Number  of  Bowls: — 

Hot  and  Cold  or  Cold  Water 
Only.  Plain  Nozzle,  Self- 
C  losing  or  Compression 
Bibbs:— 

Plain  Cast  Iron,  Galvanized 
Iron  or  Vitrified  Porcelain 
Enameled  Iron  Bowls. 


Send  for  complete  catalog  of  our  full  line  of  all  metal  Shop  and  Factory 
Equipment,  Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved 
Stools,  Work  Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 

MANUFACTURING     EQUIPMENT  &   ENGINEERING    COMPANY,     BOSTON,    MASS. 


^#l!lfe 


STANDARD  ROLLER 
THRUST     BEARINGS 

are  operating  successfully 
under  a  load  of  2,250,000 
pounds  at  100  R.  P.  M. 
Also  extensively  used  in 
hydro-electric    plants 

Send    for     literature 


t^^Mk'S^''    JJ  Standard  Roller  Bearing  Co 


Philadelphia,  Pa. 


MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


OLDEST  ON 
THE  MARKET 


Trade 


\C  /Mark 


REGISTERED 


STILL  LEADS 
THE  FIELD 


If  you  want  taps  that  make  tapping  easy  and  always  do  accurate 
and  economical  work,  you  should  get 

CARPENTER'S  MACHINE  SCREW  TAPS 

They  are  of  A-1  Quality.    Guaranteed  for  accuracy  and  durability — by  maker  and  dealer. 

J.  M.  CARPENTER  TAP  AND   DIE  CO.,  Pawtucket,  R.  I. 
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WE   SPECIALIZE 

We  concentrate  our  entire  attention  on  valvea  and  hy- 
drants and  do  not  have  a  line  of  miscellaneous  sundries 
such  as  fittings,  boiler  trimmings,  etc.,  to  divide  our 
interests.     Thus  we  can  give  valves  particular  attention. 

The  result  of  this  concentrated  effort  is  shown  in  Ken- 
nedy Valves — it  shows  in  their  design,  workmanship 
and  finish. 

THE  KENNEDY  VALVE  MFG.  CO. 

Main  Office  and  Worb.  1028  E.  Water  St..  ELMIRA,  N.  Y. 
Branch  Office  and  Warehouse.  45  Beekman  St..  NEW  YORK  CITY. 
Agencies,  666  Western  Union  Bldg.,  Chicago,  111. 

600  Bessemer  Bldg.,  Pittsburg.  Pa. 

262  Market  St.,  San  Francisco.  Cal. 


Massachusetts   Standard   Quality 

BOILERS 

Return  Tubular  Internally  Fired  Upright  and  Water  Tube 

PLATE  WORK  OF  EVERY  DESCRIPTION 

ROBB  ENGINEERING  CO.  Ltd. 

Waverly  St.,  South  Framingham,   Mass. 


SCOTCH  BOILERS 

DRY  AND   WATER   BACK 

THE 

KINGSFORD 

WATER  TUBE  BOILER 

KINGSFORD  FOUNDRY  &  MACHINE  WORKS 
OSWEGO,  N.  Y. 


"Y\/^RITE    for  a  copy  of  our 
booklet    entitled    *The 
Modern  High  Speed  Automatic 
Engine,"  which  describes 

The  American    Ball  Angle 
Compound  Engine 


AMERICAN    ENGINE    COMPANY 

42  RARITAN  AVE.,        BOUND  BROOK  N.  J. 
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WATER  TUBE,  INTERNAL  FURNACE  AND   RETURN  TUBULAR 

BOILERS 


ALL  WROUGHT  STEEL  CONSTRUCTION 


E.  KEELER    COMPANY 

EstabUshed  1864  WHLIAMSPORT,  PA. 

New  York       Boston       Philadelphia      Pittsburgh      Chicago       San  Francisco 


THE  BABCOCK  &  WILCOX  COMPANY 

85  UBERTY  STFEET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works:   BARBERTON,  OHIO     BAYONNE,  N.  J. 


BOSTON,  35  Federal  SL 
PrrrSBURGH.  Farmers  Deposit  Bank  BIdg 
SALT  LAKE  CITY,  313  Atlas  Block 
CLEVELAND,  New  England  Bldg. 
LOS  ANGELES.  American  Bank  Bldg. 


BBLANCH  OFFICES 

PHILADELPHIA,  North  American  Bldg. 
NEW  ORLEANS,  Shubert  Arci.de. 
CHICAGO,   Marquette  Bldg. 
PORTLAND,  ORE.,  Welis-Fargo  Bldg. 
SEATTLE,  Mutual  Life  Bldg. 


SAN  FRANCISCO,  99  Fint  Stiert 
DENVER,  435  Seventeenth  Street 
ATLANTA,  Candler  Bldg. 
HAVANA,  CUBA,  116}  CaBe  do  la  Babm 
CTNCINNATI,  Traction  Bldg 


NEW  TYPES  OF  BRISTOL^S  CLASS 
I    RECORDING    THERMOMETERS 

are  illustrated  and  listed  in  new  24-page  Catalog 
No.  1100  which  is  just  off  the  press. 

New  48-page  Catalog  No.  1200  on  Bristol's 
Class  II  Recording  Thermometers,  also  just 
printed. 

Write  for  Catalogs    No.   1100  and  No.   1200. 
THE    BRISTOL    CO.,  WATERBURY,    CONN. 


Jenkins  Bros.,  Y  or  Blow-Off  Valves 

Are  especially  adapted  for  use  where  the  unobstructed  flow  of 
thick  fluids  is  required.  As  blow-off  valves  they  have  no 
superior.  Having  a  full  opening  nearly  in  line 
with  the  pipe,  but  little  resistance  is  offered  to  the 
free  flow  of  steam  or  fluids.  Fitted  with  Jenkins 
Discs,  removable  seat  rings,  and  interchangeable 
parts  throughout.  Made  in  Brass  or  Iron  Body. 
Write  for  illustrated  catalogue. 

JENKINS    BROS.,     new  york       boston        Philadelphia        Chicago 
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ENGINEERING  SCHOOLS  and  COLLEGES 


NEW  YORK  UNIVERSITY 
SCHOOL   OF    APPLIED   SCIENCE 

Departments  of  Civil,  Mechanical  and  Chem- 
ical Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,  Dean, 

UNIVERSITY  HEIGHTS,  N.  Y.  CITY. 


TUFTS  COLLEGE 

Department  of  Engineerino.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.   G.   C.   Anthony,   Dean, 

TUFTS  COLLEGE  P.  O.,  MASS. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 

Course  in  Mechanical  Engineering, 
Evening  Post-Graduate  Courses.  Fred.  W. 
Atkinson,  Ph.  D.,  President;  W.  D.  Ennis, 
Member  A.  S.  M.  E.,  Professor  Mechanical 
Engineering. 


THE  RENSSELAER 
POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO. 


BERT  L.  BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 

Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,  Plants  and  Equip- 
ments of  same. 

Perin  Building,  CINCINNATI,  OHIO 


F.  W.  Dean      H.  M.  Haven      Wm.  W.  Crosby 
Members  A.  S.  M.  E. 

F.  W.  DEAN,  INC. 

Mill  Engineers  and  Architects, 

Exchange  Building,  53  State  St., 

BOSTON.  MASS. 


ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests    of   Electrical    Machinery,    Apparatus 
and  Supplies.    Materials  of  Construction,  Coal, 
Paper,  etc.     Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
80th  Street  and  East  End  Avenue. 

NEW   YORK   CITY. 


FORD,  BACON  &  DAVIS 

Engineers 


115  Broadway 
NEW  YORK 


New  Orleans 


San  Francisco 


CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect 

201  Devonshire  Street,  BOSTON,   MASS. 


J.  WM.  PETERSON 

Lubrication  Engineer 

Specialty:   Plans,   Specifications  and   Superin- 
tendence of  Power  Plant  Oiling  Systems 
and   General    Machinery   Lubrication 


50  Church  Street 


NEW  YORK  CITY 
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MACHINE    SHOP    EQUIPMENT 


MACHINE    SHOP   EQUIPMENT 


THE  ALLEN  MFG.  CO.  Inc. 

HARTFORD,  CONN. 

Allen  Patent  Safety  Set  Screws.  Made  from  high-test  steel  bars  and 
warranted  fully  as  strong  as  the  best  projecting  screw  made,  besides  elimi- 
nating danger  on  rotating  shafts.     Ask  j'our  dealer  for  them. 


BUTTERFIELD  &  CO. 

Derby  Line,  Vt.       New  York,  126  Chambers  St.     Rock  Island,  P.  Q. 

Manufacturers  of  Taps,  Dies,  Screw  Plates,  Stocks  and  Dies,  Tap 
Wrenches,  and  all  Thread  Cutting  Tools.  Our  goods  are  not  surpassed  by 
any  in  the  world. 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grinding  need.  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


THE  J.  M.  CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.  I. 

Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw 
Plates,  Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the 
market  and  38  years  in  the  lead. 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the  fastest 
machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


THE  GARVIN  MACHINE  COMPANY 

137  Varick  St.  NEW  YORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  X^utter 
Grinders,  Automatic  Chucks,  etc. 


THE  HEALD  MACHINE  COMPANY 

WORCESTER,  MASS. 

Manufacturers  of  Grinding  Machines.      Internal  Grinders,   Cylinder 
Grinders,  Surface  Grinders,  Drill  Grinders. 


SAFETY 
SET  SCREWS 


TAPS 

AND 

DIES 


CARBO- 
RUNDUM 
PRODUCTS 


TAPS 

AND 

DIES 


GEAR 
SHAPERS 


MILLING 
MACHINES 


GRINDING 
MACHINES 
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MACHINE   SHOP   EQUIPMENT 


AIR 
COM- 
PRESSORS 

AIR  TOOLS 
AND    HOISTS 


TURRET 
LATHES 


HEAVY    DUTY 

BORING 

MILLS 


LATHES 

MILLING 
MACHINES 


MACHINE 
TOOLS 

ENGINEER- 
ING 
SPECIALTIES 


METAL  SHOP 
AND 

FACTORY 
EQUIPMENT 


PINIONS 

AND 

GEARS 


PAPERS 

ON 

MACHINE 

SHOP 

PRACTICE 


INGERSOLL-RAND  COMPANY 

U  Broadway  NEW  YORK 

Air  Compressors,  twenty  standard  types,  capacity  8  to  SOOO  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  ISIotor  Hoists, 
capacity  j  to  5  tons. 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 

Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Turning 
Machines,  42"  to  84",  inclusive. 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines.  They 
are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool. 
It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MANNING,  MAXWELL  &  MOORE,  Inc. 

SINGER  BUILDING,  NEW  YORK 

Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world  and  carry  in  stock  the  product  of  the  foremost  designers  of  the  many 
branches  of  machine  tool  building  in  the  United  States. 


MANUFACTURING  lOQUIPiMENT  &  ENGINEERING  CO. 

BOSTON,  MASS. 
^^'e  manufacture  a  full  line  of  all  metal  Shop  and  Factory  Equipment, 
Sanitary  Wa.sh  Bowls,  Improved  Soda  Kettles,  Improved  Stools,  Work 
Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 


THE  NEW  PROCESS  RAW  HIDE  CO. 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1230.  Transmission  of  Power  by  I,catlier  Belting:  C.  G.  Barth,  price  $0.50;  No. 
1.313.  Milling  Cutters  and  their  Efficiency:  A.  L.  DeLeeuw,  price  $0.30;  No.  1083. 
Belt  Creep:  W.  W.  Bird,  price  $0.10;  No.  1291.  Symposium  on  High  Speed  Tools:  H.  I. 
Brackenbury,  and  Discussion,  price  $0.70. 
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MACHINE   SHOP    EQUIPMENT 


WALTHAIM  INIAC  HINE  WORKS 

WALTHAM,  MASS. 

Our  Bench  Lathes  swing  S",  will  take  I"  rod  through  the  chuck  and  the  workmanship 
is  of  the  highest  watch  machine  standard.  It  is  a  nccossit\-  in  the  modern  tool  room.  Cata- 
log for  those  intere.-^ted.    Also  makers  of  Automatic  Precision  Bench  Machinery. 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 

BRANCH  OFFICES:  NEW  YORK  CHICAGO  DETROIT 

We  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  producing  work  accu- 
rately, rapidly  and  economically.  Our  catalog,  which  describes  these  machines  fully,  will 
be  mailed  on  request. 


WELLS  BROTHERS  COMPANY 

GREENFIELD,  MASS. 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting 
Tools  and  Machinery. 


PRECISION 

BENCH 

LATHES 


TURRET 
LATHES 


TAPS  AND 
DIES 


FOUNDRY    EQUIPMENT 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


"Crown"  Sand  Rammers,  floor  and  bench  types;  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  |  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  8  to  8000  cu.  ft.  per  minute. 


MUMEORD  MOLDING  MACHINE  CO. 

30  Church  St.,  New  York  '    2014  Fisher  Bldg.,  Chicago,  111. 

Plain  Power  Squeezing  Machines  Split  Pattern  Vibrator  Machines 

Jolt  Ramming  Machines  Pneumatic  Vibrators 


J.  W.  PAXSON  CO. 

Pier  4.5  North  PHILADELPHIA,  PA. 

Manufacturers  and  engineers.  Complete  Foundry  Equipment.  Cu- 
polas, Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Systems.  Foundry 
Buildings  designed,  Foundry  Sand,  etc. 


WHITING  FOUNDRY  EQUIPMENT  CO. 

HARVEY,  ILL. 

Manufacturers,  Engineers  and  Designers  of  complete  equipment  for  grey  iron,  brass, 
oar  wheel,  pipe,  steel  and  malleable  foundry  plants,  and  Cranes  of  all  kinds  for  every 
service.     Buildings  designed  and  furnished;  equipment  installed  and  operated. 


SAND 
RAMMERS 

AIR  TOOLS 
AND   HOISTS 

COMPRESS- 
ORS 


FOUNDRY 
MOLDING 
MACHINE 
EQUIPMENT 


FOUNDRY 
EQUIPMENT 


FOUNDRY 

PLANT 

EQUIPMENT 
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BLOWERS,    FANS,   DRYERS,   ETC. 


BLOWERS,   FANS,   DRYERS,   ETC. 


BLOWERS 

GAS 
EXHAUSTERS 

PUMPS 


DRYERS 


FANS 

BLOWERS 

ECONOMIZ- 
ERS 

ENGINES 


P.  H.  &  F.  M.  ROOTS  CO. 

CONNERSVILLE,  IND. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for  vacuum 
cleaning,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps.  Positive  Pressure  Gas 
Exhausters.     High  Pri'ssuro  Gas  Pumps.     Flexilile  Couplings. 


Rl  GGLES-COLES  ENGINEERING  CO. 

McCoRMicK  Bldg.,  CHICAGO  Hudson  Terminal,  NEW  YORK 

Diyers.    Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


B.  F.  STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to  force  or  exhaust   air  under  all  conditions. 
Larfijest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  tlone  where  necessary.  Consulting  representatives  in  or  near  your  city. 


ROLLING    MBLL    MACHINERY 


ENGINES 

ROLLING 

MILL 

MACHINERY 


STEAM 
HYDRAULIC 
FORGING 
PRESSES 


PAPERS 

ON 

ROLLING 

MILL 

MACHINERY 


MACKINTOSH  HEMPHILL  &  CO. 

PITTSBURGH,  PA. 
Engines,  single  and  compound,  corli.ss  reversing  and  blowing.     Roll- 
ing Mill  and  Hyth-aulic  Machinery  of  all  kinds.     Shears,  Punches,  Saws, 
Coi)ing  Machines. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufacturers  of  Higli-Speed  Steam  Hydraulic  Forging  Presses. 
Single  Lever  Control.  I5uilt  for  all  classes  of  Forging,  Shearing  or  Pressing. 
100  to  12,000  tons  capacity. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  808.  Some  Landmarks  in  the  History  of  the  Rolling  Mill:  C.  H.  Morgan,  price 
$0.20;  No.  1319.  Pressure  Recording  Indicator  for  Punching  Machinery:  C.C.Anthony, 
price  .SO. 10;  No.  1322.  Power  Forging,  with  special  Reference  to  Steam  Hydraulic  Forging 
Presses:  B.  Gerdau  and  G.  Alesta,  price  .TO. 10. 
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PUMPS     AND     HYDRAULIC     TURBINES 


PUMPS  AND  HYDRAULIC  TURBINES 


ALLIS-CHALMKRS  COMPANY 

MILWAUKEE,  WISCONSIN 
Builders  of  Reaction  and  Impulse  Turbines,  in  capacities  up  to  20,000 
II. P     High  Duty  Pumping;  Engines,  Ccuitril'ugal  Pumps,  Single  and  Multi- 
stage; Screw  Pumps,  Elevator  Pumps,  Cleared  Pumps,  Mine  Pumps  and 
El(M'trically  Driven  Pump-;.     Hydraulic  IVansmission  Pumping  Machinery. 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  designed  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
expenses.      Literature  upon  request. 


M.  T.  DAVIDSON  CO. 

43-53  Keap  St.,  BROOKLYN,  N.  Y. 
New  York:  154  Nassau  St.  Boston:  30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.    Surface  and  Jet  Con- 
densers. 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  municipal 
water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed  pumps, 
chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  jjumps  and  hand  pumps 
of  everv  kind. 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  \\'heels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


J.  &  W.  JOLLY,  Inc. 

HOLYOKE,  MASS. 

McCormick  Holyoke  Turbines  designed  to  suit  Mill  or  Hydro-Electric 
Work.  Paper  Mill  Machinery,  Shafting,  Gearing,  Pulleys  and  Freight 
Elevators. 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Marine  Engines. 


HYDRAULIC 
TURBINES 

PUMPING 
MACHINERY 


PUMPING 
MACHINERY 


PUMPS 

CONDENS- 
ERS 
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STEAM    ENGINES    AND    BOILERS 


STEAM   ENGINES  AND    BOILERS 


WATER  TUBE 
BOILERS 


ENGINES 


WATER  TUBE 
BOILERS 


STEAM 
ENGINES 


ENGINES 

STEAM  AND 
GAS 


STEAM 
BOILERS 
AND 
ENGINES 

FEED-WATER 
HEATERS 


PAPERS 

ON 

STEAM 

ENGINES 

AND  BOILERS 


ALMY  WATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river 
steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey 
Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN  ENGINE  CO. 

42  Raritan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American  Ball  Angle  Compound  Engines.  Angle  com- 
pound, 80  to  1,000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cylinder  trii^le,  120  to  1,()(H)  h.  p. 


THE  BABCOCK  &  WILCOX  COMPANY 

85  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with  non- 
detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.   Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  50  to  6000  h.  p. 


ERIE  CITY  IRON  WORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable,  vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City 
"Lentz,"  four  valve,  enclosed  high  speed,  automatic,  center  crank,  side  crank,  portable  and 
Feed-Water  Heaters  from  25  to  600  h.p. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1081.  Counter  Weights  for  Large  Engines:  D.  S.  Jacobus,  price  $0.20;  No.  1329. 
Strain  Measurements  of  Some  Steam  Boilers  under  Hydrostatic  Pressure:  J.E.Howard, 
price  $0.30;  No.  1298.  Combustion  and  Boiler  Efficiency:  E.  A.  Uehling,  price  $0.30;  No. 
1308.    Oil  Fuel  for  Steam  Boilers:  B.  R.  T.  Collins,  price  $0.20. 
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STEAM   ENGINES  AND   BOILERS 


HARRISBURG  FOTTNDRY  &  MACHINE  WORKS 

HARRISBURG,  PA. 

Manufacturers  of  Fleming-Harrisburg  IlDrizonfal  Engines,  Corlis.s  and 
Single  Valve,  Simple,  Tandem  and  Cross  Comi)ouml. 


HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 

Makers  of  improved  Patent,  Double  Port  Corliss  Engines,  Heavy  Duty 
or  Ciirdcr  Frame,  Simple  or  Compound,  having  our  new  Franklin  High- 
speed liberating  Valve  Gear. 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO 

Manufacturers  of  Hamilton  Corliss  Engines.  Hamilton  High  Speed 
Corliss  Engines,  High  Duty  Pumping  Engines,  Power  Pumps  and  Com- 
pressors, Special  Heavy  Castings. 


E.  KEELER  COMPANY 

WILLI AMSPORT,  PA. 

Water  Tube,  Internal  Furnace  and  Return  Tubular  Boilers.     Self- 
Supporting  Stacks,  Feed  Water  Heaters. 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS 

OSWEGO,  NEW  YORK 

Scotch  Boilers,  Dry  and  Waterback;  also  Improved  Manning  Vertical 
Boilers,  and  Special  Boilers  for  Steam  Heating. 


MESTA  MACHINE   CO. 

PITTSBURGH,  PA. 
Complete  Power  Plant  Equipment;  Gas  and  Steam  Engines;  Con- 
densers; Air  Compressors;  Power  Transmission  Machinery. 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 

Rice  &  Sargent  Corliss  Engines,  Improved  Greene  Engines  and  Repair 
Parts,  Special  Machinery. 


RIDGWAY  DYNAMO  &  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  Engines;  four-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 
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STEAM    ENGINES    AND    BOILERS 


ENGINES 

REFRIGERA- 
TING 
MACHINERY 


TURBINES 

ENGINES 

GAS 
PRODUCERS 

CONDENS- 
ERS 

STOKERS 


lUnm  ENGINEERING  CO.,  LTD. 

Wavcily  St.,  SOUTH  FRAMINGHAM,  MASS. 

l.U   state  8t.,  BOSTON  90  West  St.,  NEW  YORK 

Robb-Brady  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


THE 

VILTER 

MEG. 

CO. 

10" 

■0-10S8 

Clinton  St. 

Established 

1867 

MILWAUKEE, 

WTS. 

Builders 
( 'oniM'Ctecl  S 

of  Corlii-s  Engines 
■rviee,  medium  f)r 

,  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or 

liigh  speed.     Ice  and  Refrigeration  Machines. 

Direct- 

THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 

Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


OIL   AND   GAS    ENGINES  AND  GAS  PRODUCERS 


GAS 
ENGINES 


CRUDE-OIL 
ENGINES 


REFRIGERA- 
TING    AND 
ICE     MAKING 
MACHINERY 

OIL  AND  GAS 
ENGINES 


PAPERS 

ON 

OIL  AND 

GAS  ENGINES 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Gas  Engines  to  operate  on  producer  gas,  natural  gas  or 
furnace  gas,  capacities  from  300  to  5000  B.H.P. 


ATLAS  ENGINE  WORKS 

INDIANAPOLIS,  IND. 

Manufacturers  of  Diesel  Type  of  Crude-Oil  Engines.     Built  in  2  and 
3  cylinder  units  300  and  450  B.  H.  P.  and  multiples  thereof. 


DE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity; 
Oil  Engines  up  to  360  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No  133C.  Symposium  on  Oil  Ensinos:  H.  R.  Setz  and  F.  IM.  Towl,  Discussion,  price 
.?0.50;  No.  1337.  Design  Constants  for  Small  Gasolene  Engines:  W.  D.  Ennis,  price  $0.10; 
No.  S41  X.  A  Regenerator  Cycle  for  Gas  Engines  Using  Subadiabatic  Expansion:  A.  J. 
Frith,  price  .S0.90;  No.  1238.     Marine  Producer  Gas  Power:  C.  L.  Straub,  price  $0.20. 
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GAS    ENGINES    AND    GAS    PRODUCERS 


AUGUST  IMIETZ  IRON  FOITNDRY&  MACHINE  WORKS 

12:3  MoTT  St.,  new  YORK 

Oil  Engines,  Murine  and  Stationary,  2-400  h.p.,  150,000  li.p.  in  opera- 
tion.  Direct  coupled  or  belted  to  (Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  H.  P. 
houi  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


THE  SMITH  GAS  POWER  CO. 

LEXINGTON,  OHIO 

Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure 
types.  Mechanically  Operated  Gas  Producers  in  large  units  for  power  and 
heating  })lants.     Tar  Extractors  and  Gas  Cleaning  Plants. 


OIL 
ENGINES 


GAS 

ENGINES 
AND 
PRODUCERS 


GAS 
PRODUCERS 


POWER    PLANT  AUXILIARIES   AND    SPECIALTIES 


AMERICAN  BALANCE  VALVE  CO. 

JERSEY  SHORE,  PENNA. 

We  make  Balanced  Slide  and  Piston  Valves  for  Manufacturers  of 
Steam  Engines,  also  for  Old  Power  Equipment,  from  Steam  Pumps  to 
Battleships.     Write  us. 


AMERICAN   STEAM   GAUGE   AND   VALVE  MFG.  CO. 
BOSTON.  MASS.  Established  1851 

Pressure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive 
use.     The  American  Thompson  Improved  Indicator  with  new  improved  detent  motion. 


BOSTON 


THE  ASHTON  VALVE  CO. 

NEW  YORK 


CHICAGO 


Makers  of  the  Ashton  Pop  Safety  Valves,  \^'ater  Relief  Valves,  Blow 
Off  ^'alves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  sat  i.*- fact  ion. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


RECORDING 
GAUGES 
AND 

INSTRU- 
MENTS 


THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  Recording  Pressure  and  Vacuum  Gauges.  Bristol's  Recording  Thermometera. 
Tlio  Wm.  H.  Bristol  Electric  Pyrometers.  Bristol's  Recording  Voltmeters,  Ammeters 
and  Wattmeterti.  Bristol's  Recording  Water  Level  Gauges.  Bristol's  Time  Recorders 
and  Bristol's  I'atent  .Steel  Belt  I>acing. 


VALVES 


(  HAPMxVN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  YORK       ST.   LOtHS       PITTSBURGH       CHICAGO       PHILADELPHI.\       SAN  FRANCISCO 


Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc. 
Send  for  catalogue. 


Sluice  Gates. 


STEAM 
APPLIANCES 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators;  Stationary,  Marine,  Locomotive  Safety  Valves; 
Gages  for  all  purposes;  Recording  Instruments;  Chime  Whistler;  Sight  Feed  Lubricators; 
Globe  and  Angle  \'alves,  Iron  and  Brass,  for  high  pressures;  Blow-off  Valves;  Gage  Testing 
Instruments;   Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


AIR 

COMPRESS- 
ORS 

PNEUMATIC 

BOILER 

SCALERS 


THOS.  H. 

York  and  23rd  Sts. 


DALLETT  CO. 

PHILADELPHIA,  PA. 


Manufacturers  of  a  complete  line  of  Air  Compressors,  suitable  for  high-class  instal- 
lations. Equipped  with  special  "Silent"  inlet  and  discharge  valves.  Also  Pneumatic 
Boiler  Scalers  for  cleaning  boiler  sheets,  drums,  condensers,  etc.     Send  for  literature. 


BALANCED 

DRAFT 

SYSTEM 

McLEAN  PAT- 
ENTS 


THE  ENGINEER  COMPANY 

50  Church  St.  NEW  Y'ORK,  N.  Y. 

"Economy"  and  "Increased  Capacity"  obtained  by  the  Upbuilding  of 
Fiu-nace  Efficiency  when  operating  with  the  Balanced  Draft  System. 
(Trade  Mark  "Balanced"  Reg.  U.  S.  Pat.  Office.) 


LUBRICATION 
PUMPS 


HILLS  McCANNA  COMPANY 

153  W.  KiNziE  St.  CHICAGO,  ILL. 

Force  Feed  Lubrication  Pumps  made   in   any   number  of  Feeds   or 
Compartments. 


VALVtS 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Works:  HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  luilike  all  others. 


PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1288.  Improved  Absorption  Dynamometer:  C.  M.  Garland,  price  $0.10;  No.  1287. 
Experimental  Analysis  of  a  Friction  Clutch  Coupling:  W.  T.  Magruder,  price  $0.20;  No. 
S43X.  Automatic  Control  of  Condensing  Water:  B.  Viola,  price  $0.10;  No.  S  26  X. 
Air  Leakage  in  Steam  Condensers:  T.  C.  McBride,  price  $0.20. 
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POWER    PLANT  AUXILIARIES  AND  SPECIALTIES 


THE  HUGHSON  SI  KAiSL  SPECIALTY  CO. 

CHlCACiO,  ILL. 

Manufuc'tiirers  of  Hogulatins;  Valves  for  all  pressurfs  and  for  steam,  air  and  water, 
riio  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Punij)  Hctiulators,  S(<])nrators,  Steaif  Traps,  Automatic  Stop  and  Check  Valves.     Write 

lor   cniiiplclc   catalo.L'Uf. 


11    HUOADWAY 


INGERSOLL-RAND  COMPANY 

NEW  YORK 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  3^  to  5  tons. 


NEW  YORK 


JENKINS  BROS. 

BOSTON  PHILADELPHIA  CHICAGO 


Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 
Fenkins  '96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing, 
^ole  agents  for  Sellers'  Restarting  Injector.    Catalog  mailed  on  recjuest. 


ROBERT  A.  KEASBEY  CO. 

100  N.  Moore  St.  -   NEW  YORK  CITY 

Telephone:    6097  Franklin 

Heat  and  Cold  Insulating  Materials.    Headquarters  for  85%  Magnesia 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,"  etc. 


THE  KENNEDY  VALVE  MANUFACTURING  CO. 

ELMIRA,  N.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;   Hy- 
drants; Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


THE  LUDLOW  VALVE  MFG.  CO. 

TROY,  N.  Y. 
Manufacturers   of   genuine   Ludlow   Gate   Valves  for   all    purposes. 


Special   Blow-off   Waives.      Check   Valves. 
Indicator  Posts.     Fire  Hydrants. 


Foot  Valves.     Sluice  Gates. 


THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

Manufacturers  of  high-grade  engineering  specialties,  comprising  Brass  and  Iron 
Valves.  Whistles,  Cocks,  Gauges,  Injectors,  Lubricators,  Oil  Pumps,  Oil  and  Grease  Cups, 
etc.,  adapted  to  the  requirements  of  all  classes  of  machinery. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1236.  A  New  Transmission  Dynamometer:  W.  H.  Kenerson,  price  $0.10;  No.  1106. 
A  Low-Resistance  Thermo-Electric  Pyrometer  and  Compensator:  W.  H.  Bristol,  price 
S0.30;  No.  1064.  The  Bursting  of  Four-foot  Fly-wheels:  C.  H.  Benjamin,  price  $0.10;  No. 
S  30  Xa.  .  Efficiency  Tests  of  Lubricating  Oils:  F.  H.  Sibley,  price  $0.10 
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POWER    PLANT   AUXILIARIES    AND    SPECIALTIES 


VALVES 


MONARCH  VALVE  &  MANUFACTURING  CO. 

;;9  CouTLANDT  St.,  NEW  YORK  SPRINGFIELD,  MASS. 

Manufacturers  of  Bronze  and  Iron  Bodied  \'alves  for  various  pressures 
and  ])urposes. 


STEAM 
TRAPS 


AUTOMATIC 
FURNACE 


VALVES 


GOVERNORS 


SEPARA- 
TORS 

FEED-WATER 
HEATERS 

SOFTENERS 


SUPER- 
HEATERS 


PAPERS 
ON 

POWER 
PLANTS 


MOREHEAD  MANUFACTURING  CO. 

DETROIT,  MICH. 

Return,  Non-Return,  Vacuum  and  Condenser  Steam  Traps.  The  Morehead  TiltipK 
Steam  Trap  is  the  original  design  of  tilting  trap,  having  been  on  the  market  for  a  quarter 
of  a  century.  For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself. 
Illustrated  descriptive  catalog  sent  on  request. 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 

Founded  1S7S  Inc.  1904 

Builders  of  The  Murphy  Automatic  Furnace.     The  best  Automatic 
Furnace  that  thirty  years  practical  experience  can  produce. 


NELSON  VALVE  COMPANY 

PHILADELPHIA 

Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature;  also 
Blow-off  Valves.     Catalogs  and  information  on  request. 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 

Ciovernors  for   Steam   Engines,  Turbines,    Gas   Engines.     Mechanical 
Control  Power  Regulation. 

See  Page  111  of  Condensed  Catalogues  of  Mechanical  Equipment. 


POWER  PLANT  SPECIALTY  COMPANY 

625  MoNADNOCK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,  Pressure  and  Gravity  Filters.     Correspondence  solicited. 


POWER 

SPECIALTY 

CO. 

Ill 

Broadway 

NEW  YORK 

The  Foster 

Patent 

Superheater, 

saves  feed  water, 

condensing  water, 

coal 

and  boiler  ; 

)ower. 

PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  S  107  X.  The  1912  U.  S.  Standard  Schedule  of  Standard  Weight  and  Extra  Heavy 
Flanged  I'itting.s:  Corn-report,  price  $0.10;  No.  1297.  Tran.smis.sion  of  Heat  in  Surface 
('(jndensation:  G.  A.  Orrok,  price  .10.50;  No.  1259.  Cooling  Towers  for  Steam  and  Gas 
Power  Plants:  .T.  R.  Bibbins,  price  $0  40;  No.  1072.  Condensers  for  Steam  Turbines:  G.  I. 
Kockwood,  price  $0.20. 
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POWER    PLANT   AUXILIARIES    AND    SPECIALTIES 


WM.  B.  SCAIFP:  &  SONS  COMPANY 

•221   FiHST  Ave.,  PITTSBUIKJ,  PA. 

A\E-FU-GO  and  SCAIFE  Water  Soflcninfi,  Purifjiiifr  and  Filtering 
Systems  for  boiler  feed  water  and  all  industrial  and  domestic  purposes. 


SCHUTTE  &  KOEUTING  CO. 

1229-57  N.  12th  8t.  PHILADELPHIA,  PA. 

Iiijc'ftors,  SypliDiis,  Eductors,  Furnace  Blowers,  Exhiausters,  Pump  Primer.s,  Con- 
deiiscrs,  Spray  Cooliui;  Nozzles;  Valves;  Small  Brass  and  Iron  Body,  Open  Hearth  Steel- 
8to|i,  Stop  Cheek,  Emergency  Stop  Check,  Trip,  Throttle  Trip,  Engine  Stops,  Steam 
Traps,   Feed   Water  Heaters,  etc. 


SHER\YOOD  MANUFACTURING  CO. 

BUFFALO,  N.  Y. 

Twenty-five  years'  experience  manufacturing  the  Sherwood  Double  Tube  Injectors 
for  hi^h  duty;  Buffalo  Automatic  Injectors;  also  makers  of  the  Hart  Force  Feed  Oil  Pump 
for  Steam  Engines;  BufTalo  Force  Feed  Multiple  Oil  Pumps  for  Gas  and  Gasoline  Engines; 
Oil  Cujis,  etc.     Catalog  on  application. 


WATER 
SOFTENING 

PURIFYING 
AND 

FILTERING 
SYSTEMS 

INJECTORS 

CONDENS- 
ERS 

VALVES 

ENGINE 
STOPS 


INJECTORS 

AND 

OIL  PUMPS 


C.  J.  TAGLIABUE  MFG.  CO. 

396-39S  BROADWAY  .  NEW  YORK,  N.  Y. 

Local  Sales  Offices  in  Chicago  and  San  Francisco 
Manufacturers  of  Instruments  for  Indicating,   Recording  and  Controlling  Tempera- 
ture and   Pressure.      Thermometers;  Automatic  Controllers;  Gages;  Oil  Testing  Instru- 
ments; Engineers'  Testing  Sets,  Pyrometers,  Barometers,  Hygrometers,  Hydrometers,  etc. 
I'iec  our  Condensed  Cataloyue  in  April  1,911   number  of  The  Journal. 


THE  TEXAS  COMPANY 

NEW  YORK  HOUSTON 

Lubricating  Oils  for  Power  Plants,  Central  Stations,  IMachine  Shops, 
Foundries  and  all  general  purposes.  All  classes  of  Petroleiun  Products  of 
the  highest    quality. 


WHEELER  CONDENSER  &  ENG.  CO. 

Main  Office  and  Works:   CARTERET,  N.  J. 

Surface,  .let  and  Barometric  Conden.sers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative  Dry 
Vacuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


NEW    YORK 


C.  H.  WHEELER  MFG.  CO. 

PHILADELPHIA,  PA. 

•BOSTON  CHICAGO 


SAN    FRANCISCO 


Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed-Water  Heaters, Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pimips. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1214.  Unnecessary  Losses  in  Firing  Fuel  Coal:  C.  R.  Weymouth,  price  $0.30;  No 
1213.  Fuel  Economy  Tests  at  a  Large  Oil  Burning  Electric  Plant:  C.  R.  Weymouth,  price 
SO. 20.  No.  116.5.  The  Rational  Utilization  of  Low  Grade  Fuels  in  Gas  Producers:  F.E. 
Junge,  price  $0.40;  No.  124.5.     Some  Properties  of  Steam:  R.  C.  H.  Heck,  price  $0.10. 
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HOISTING   AND  CONVEYING    MACHINERY 


HOISTING  AND    CONVEYING    MACHINERY 
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ELEVATING 

CONVEYING 

MINING 
MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 

Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper- 
Converting  Machinery,  etc. 


THE  BROWN  HOISTING  MACHINERY  CO. 

New  York  CLEVELAND,  O.,  U.  S.  A.  Pittsburg 

Designers  and  manufapturors  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
niotive  Cranes.  Electric  Travelers,  I-beani  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Hoi.sting  Machinery  of  all  descriptions.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


H.  W.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.    Helicoid 

and  screw  conveyors,  machine  molded  gears,  pulleys,  fiy-wheels,  rope  sheaves 

and  drives,  sprocket  wheels  and  chain,  buckets,  belting,  shafting  and  bearings. 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 

Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight 
Elevators,  Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.    The  Goodrich  "Longlife" 
"Maxecon"  and  "Grainbelt"  Conve\'ors  will  handle  more  tons  per  dollar 
of  cost  than  anv  other  jjclt  matle. 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery:  Coal  and  Ashes  Hand- 
ling S\-st<>ins  for  Power  Plants;  Screens.  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Wa.shcries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 
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HOISTING  AND  CONVEYING   MACHINERY 


LIDGERWOOD  IVIFG.  ((). 


90  LiUKKTV  St. 


NEW  YORK 


Hoisting  Engines — steam  and  electric,  for  every  use  of  the  contractor,  miner,  ware- 
liousenuin,  railroads,  stiipowncra,  etc.  Derricks,  Derriclc  Irons  and  Derrick  Hoists,  Cable- 
ways  for  hoisting  and  conveying.  Marine  Transfer  for  coal  and  cargo  handling. 


LINK-BELT 

COMPANY 

PHILADELPHIA 

CHICAGO 

INDIANAPOLIS 

Elevatoiv 

and 

Conveyors  for  every  purpose; 

all 

accessories ; 

Power 

'I'l-aiL-^mission 

Machinery. 

MEAD-MORRISON  MANUFACTURING  CO. 

NEW  YORK  BOSTON  CHICAGO 

Coal-Handling  Macliincry,  Hoisting  Engines,  complete  Discharging  and  Storage 
Plants,  Cable  Railways,  Marine  Elevators,  McCasIin  and  Harrison  Conveyors,  Steam, 
Electric,  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
Locomotive  Derricks,  Suspension  Cablcways. 


THE  MORGAN  ENGINEERING  CO. 

ALLIANCE,  OHIO       , 

Ai'e  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.  We 
also  design  and  build  Steel  Plants  complete,  Hammers,  Presses,  Shears, 
( "harging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


THE  H.  J.  REEDY  CO. 

CINCINNATI,  O. 

Manufacturers  of  all  types  of  Passenger  and  Freight  Elevators. 


ROBINS  CONVEYING  BELT  COMPANY 

Thomas  Robins,  Pres.  C.  Kemble  Baldwin,  Chief  Engr.,  13  Park  Row, N.Y. 

The  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of 
convoying  machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal  and 
similar  materials  under  the  most  trying  conditions  of  service.     Correspondence  invited. 


JOHN  A. 

ROEBLING'S 

TRENTON, 

SONS 

N.  J. 

COMPANY 

Manufacturers 

of  Iron,  Steel  and 

Copper  Wire  Rope,  and  Wire 

of 

every  description. 

PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  12.35.  Automatic  Feeders  for  Handling  Material  in  Bulk:  C.  K.  Baldwin,  price 
SO. 10;  No.  1234.  A  Unique  Belt  Conveyor:  E.  C.  Soper,  price  $0.10;  No.  1300.  Operating 
Condition  of  Passenger  Elevators:  R.  P.  Bolton,  price  $0.20;  No.  1161.  A  Highspeed 
Elevator,  C.  R.  Pratt,  price  $0.40;  No.  S52X.  Mechanical  Handling  of  Freight:  S.  B. 
Fowler,  price  $0.20. 
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HOISTING  AND  CONVEYING    MACHINERY 
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POWER 
TRANS- 
MITTING 
MACHINERY 


CHAIN 
BLOCKS 

ELECTRIC 
HOISTS 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.    Gantries.    Wharf  Cranes.    Rail- 
road Wrecking  Cranes.    Mono-Rail  Systems.     Electric  Motor  Controllers. 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 

TOLEDO,  OHIO 
Toledo  Cranes  and  Hoists;  Coal  and  Ore  Handling  Bridges;  Grab 
Bucket  Machinery;  Electric  and  Hand  Power  Cranes,  all  types,  any  capac- 
ity; Structural  Steel  for  Factory  Buildings. 


THE  WEBSTER  M'F'G  COMPANY 

(Successors  to  WEBSTER  M'F'G  CO.) 
TIFFIN,  OHIO  Eastern  Br.anch:  88-90  Reade  St.,  NEW  YORK 
Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for  all 
purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for  manufac- 
turing give  us  large  advantages.  Belt  Conveyors  for  handling  cements,  ores,  sand,  gravel, 
etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings.  Chain  belting. 
Gearing.  


THE  YALE  &  TOWNE  MFG.  CO. 

9  Murray  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists.  The  Triple.x  Block 
is  made  in  14  sizes,  with  a  lifting  capacity  of  from  5  to  20  tons;  Electric 
Hoist  in  10  sizes,  ^  to  10  tons. 


AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


AIR 
COM- 
PRESSORS 

PNEUMATIC 
TOOLS 


AIR 
COM- 
PRESSORS 

TOOLS 

HOISTS  AND 

SAND 

RAMMERS 

PAPERS  ON 
AIR 
COM- 
PRESSORS 
AND 

PNEUMATIC 
TOOLS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 

Manufacturers  of  "Chicago  Pneumatic"  Air  Compressors  and  a  com- 
plete line  of  Pneumatic  Tools  and  Appliances. 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Twent.v  standard  Air  Compressor  types,  capacity  S  to  8000  cu.  ft.  per  minute;  "Crown" 
and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists,  j  to  5  tons 
capacity;  "Crown"  Sand  Rammers,  floor  and  bench  types. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1320.  Commercial  Application  of  the  Turbine  Turbo-Compressors:  R.  H.  Rice, 
price,  .S0.30;  No.  830.  Compression  and  Liquidification  of  Gas:  A.  L.  Rice,  price  $0.10; 
No.  804.  A  Pneumatic  Despatch-tube  System  for  Rapid  Transportation  of  Mails  in  Cities: 
B.  C.  Batcheller,  price  $0.30;  No.  1295.  The  Development  of  the  Air  Brake:  (Presidential 
Address)  G.  Westinghouse,  price  $0.20. 
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ELECTRICAL  APPARATUS 


ELECTRICAL   APPARATUS 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Electrical  Machinery  of  every  description;  Motors  and 
Generators  for  alternating  and  direct  current;  Rotary  Converters,  Trans- 
fcjrniers,  Swit  chlioai'ds. 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 

Generators,  motors,  Curtis  steam  turbines,  switchboards,  transformers,  locomotives, 
lighting  equipments,  air  compressors,  electrically  heated  devices  for  industrial  purposes. 
Largest  manufacturer  of  electrical  apparatus  in  the  world. 


WAGNER  ELECTRIC  MFG. 

ST.  LOUIS,  MO.       ■ 


COMPANY 


Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power  and 
Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  polyphase 
generators  and  motors  the  market  affords.  Manufacturers  of  the  most  comprehensive  line 
of  switchboard  and  portable  instruments  offered  to-day. 


WESTINGHOUSE  ELECTRIC  &  MFG.  CO. 

PITTSBURG,  PA. 

Westinghouse  Electric  Motor  Drive.  Pumps,  compressors,  hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  driven  with  Westinghouse  Motors. 


MOTORS 
AND 

GENERA- 
TORS 


ELECTRIC 
DRIVE 


DYNAMOS 

MOTORS 

TRANS- 
FORMERS 

INSTRU- 
MENTS 


ELECTRIC 

MOTOR 

DRIVE 


POWER  TRANSMISSION 


THE  AMERICAN  PULLEY  CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip:  light,  true 
and  amply  strong  for  double  belts.     120  stocks  carried  in  the  United  States. 


PULLEYS 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  r2()"  diameter,  3  to  40"  face,  and  fit  any  size  shaft  from  1 
to  8',".     Let  us  send  you  our  booklet  illustrating  all  styles. 


PULLEYS 
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POWER    TRANSMISSION 
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TRANS- 
MISSION 


PULLEYS 

PAPER 
FRICTION 
TRANS- 
MISSION 


POWER 

TRANS- 
MISSION 


THE 

A. 

& 

F.  BROWN 

CO 

172 

Fulton  St. 

NEW 

YORK 

Manufacturers  of  S 

lafting, 

Pulleys, 

Hangers, 

etc., 

for 

Transmission 

of  1 

*owcr. 

THE  CARLYLE  JOHNSON  MACHINE  CO. 

MANCHESTER,  CONN. 

Send  for  our  Catalog,  and  Clutch  Booklet  entitled  "  Clutches  for  Use 
in  Machine  Building."  The  information  set  forth  therein  will  be  of  interest 
to  any  Builder  or  Designer  of  Machinery. 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 

Manufacturers  of  everything  for  the  Mechanical  Transmission  of 
Power;  also  Elevating  and  Conveying  Machinery,  and  the  "Eureka" 
A\'ater  Softener.     Send  for  general  catalog  C-10. 


FALLS  CLUTCH  &  MACHINERY  CO. 

CUYAHOGA  FALLS,  OHIO 
Friction  Clutch  Pulleys,  Couplings,  Quills,  Operators,  Clutch  Sheaves, 
Floor  Stands,  Heavy  Mill  Bearings,  Shaft  Couplings,  Sheaves  and  Tension 
Carriages,  Pulleys  and  Fly  Wheels. 


FLEXIBLE  STEEL  LACING  CO. 

542  W.  Jackson  Boulevard  CHICAGO,  ILL. 

Alligator  Steel  Belt  Lacing.  Adapted  for  use  on  leather,  rubber,  balata, 
cotton  or  canvas-stitched  belting  of  any  width  or  thickness.  A  perfect  flex- 
ible joint  and  separable  hinge  joint  that  works  satisfactorily  with  an  idler. 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 

Manufacturers  of  a  complete  line  of  Power  Transmi.s.sion  Machinery 
for  belt,  rope  or  gear  driving,  including  the  well  ^known  Hill  Friction 
Clutches  and  Hill  C'oUar  Oiling  Bearings. 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


T.  B.  WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern   and   Approved   Appliances  for  the  transmission   of  Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Ecjuipments. 
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ENGINEERING    MISCELLANY 


ENGINEERING  MISCELLANY 


ALUMINUiM  COMPANY  OF  AMERICA 

PlTTSBrRC.H,  PA. 

Aluininuin  Ingot,  Sheet,  Rod,  ^\'i^(^  Cable,  Tubing  and  other  forms 


AUBURN  BALL  BEARING  COMPANY 

22  Elizabeth  St.  ROCHESTER,  N.  li . 

Auburn   Four  Roint  Contact  Cone  Principle  Ball  Thrust   Bearings, 
Auburn  Steel,  Bra.ss  and  Bronze  Balls,  Solid  and  Hollow. 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 
Engineers,  Founders  and  Machinists 
Castings  of  Unusual«Size,  Weight  and  Strength.     Large  and  Accurate 
Machine  Work.     Grinding  and  Polishing  Machines. 


ROBERTS    FILTER   MFG.  CO.,  Inc. 

DARBY,  PHILADELPHIA,  PA. 

Designers  and  Builders  of  Water  Filters  of  both  the  Pressure  and 
Gravity  types,  of  any  capacity. 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA,  PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
purposes.     Steel,  Bronze  and  Brass  Balls. 


UNION  DRAWN  STEEL  CO. 

BEAVER  FALLS,  PA. 

Makers  of  Bright  Cold  Finished  Bessemer,  Open  Hearth  Crucible  and 
Alloy  Steels,  in  Rounds,  Flats,  Squares,  Hexagons  and  Special  Shapes. 


PAPERS  PUBLISHED  BY^  A.  S.  M.  E. 

No.  1276.  Symposium  on  Eleotric  DTivine  in  Mactine  Shop:  A.  L.  DeLeeuw,  C.  Rob- 
liins,  J.  Riddell  and  discussion,  price  SI. 10;  No.  13.3.5.  Variable-speed  Power  Transmission: 
G.  H.  Barrus  and  C.  M.  Menlv,  price  SO. 10;  No.  S  47  X.  A  New  Theory  of  Belt  Driving: 
8.  Haar.  price  80.20;  No.  1230.  TTansmission  of  Power  by  Leather  Belting:  C.  G.  Barth, 
price  SO. 50. 
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An  Engineering  Library 
Fifty  Thousand  Volumes 
Four  Hundred  and  Fifty 
Technical  Journals 


One  of  the  largest  collections  of  Engineering 
literature  in  the  world  is  THE  ENGINEER- 
ING LIBRARY  in  the  Engineering  Societies 
Building,  29  West  39th  Street,  New  York. 

It  comprises  50,000  volumes,  including  many 
rare  and  valuable  reference  works  not  readily 
accessible  elsewhere.  There  are  450  current 
technical  journals  and  magazines.  All  the 
foreign  and  domestic  technical  periodicals  are 
received,  as  well  as  the  proceedings  of  the 
various  engineering  societies  of  the  world. 

The  library  is  open  from  9  a.m.  to  9  p.m., 
with  trained  librarians  in  constant  attendance. 
Its  resources  are  at  the  service  of  the  engineer- 
ing and  scientific  public. 
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OF 

MECHANICAL 
EQUIPMENT 


SECTION  THREE 


The  various  sections  of  the  Condensed  Catalogues  published  in  The  Journa 
during  1912  include  Power  Plant  Equipment,  Hoisting,  Elevating  and 
Conveying  Machinery,  Power  Transmitting  Machinery,  Industrial  Railway 
Equipment.  Electrical  Equipment,  Metal  Working  Machinery,  Machine  Shop 
and  Foundry  Equipment,  Steel  and  Rolling  Mill  Equipment,  Pumping  Ma- 
chinery, Mining  and  Metallurgical  Equipment,  Heating  and  Ventilating 
Apparatus,  Refrigerating  Machinery,  Air  Compressors  and  Pneumatic 
Tools.  Engineering  Miscellany. 

At  the  close  of  the  year  the  entire  collection  of  Condensed  Catalogues  will  be 
reprinted  in  volume  form  and  distributed  to  the  members  of  the  American 
Society  of  Mechanical  Engineers. 


THE  AMERICAN  SOCIETY  of 
MECHANICAL    ENGINEERS 


Drilling  Machines 


ROCKFORD  DRILLING  MACHINE  CO. 

ROCKFORD,     ILL. 

MANUFACTURERS    OF 

UPRIGHT   DRILLS,    GANG   DRILLS,   AND   LATHES. 


Ulustratioa  shows  method  ot  jigging  and  tooling  a  four  spindle  23-inch  gang  drill 
for  boring,  facing  one  end,  and  reaming  bushings. 

ROCKFORD   GANG  DRILLS 

The  vertical  drill  press  may  be  used  to  great  advantage  for  many  operations 
ordinarily  performed  by  the  horizontal  method,  at  the  same  time  involving  less 
investment  and  insuring  equal  or  greater  production  and  simple  chucking  and 
handling. 

The  secret  lies  in  the  proper  jigging  and  tooling  of  the  machine,  gauging  the 
number  of  spindles  per  operator  to  the  time  required  for  the  longest  operation 
and  the  loading  and  unloading  of  pieces. 

Every  second  spent  by  the  operator  hanging  onto  a  lever  or  waiting  for  the 
power  feed  to  run  through  the  cut  is  a  second  wasted,  and  sufficient  spindles 
should  be  used  per  operator  to  keep  his  time  fully  occupied. 

The  reason  for  ganging  s]:)indles  in  groups  is  to  place  as  many  in  front  of  the 
operator  as  he  can  keep  busy,  thus  utilizing  time  that  otherwise  is  wasted. 

We  manufacture  a  complete  line  of  upright  drill  presses  from  12"  to  37"  swing, 
and  buikl  uj^right  drill  presses  in  gangs  of  2,  3,  4  and  6  spindles  on  the  14"  and 
20"  sizes,  and  2,  3  and  4  spindles  on  the  sizes  larger  than  the  20". 

We  construct  four  types  of  gang  drills. 

1st.  Where  a  single  table  is  used  and  the  distance  from  spindle  to  table  is 
the  same  in  all  cases. 

2nd.  Where  a  single  table  is  used  and  the  spindle  bearings  adjust  to  various 
heights.     These  two  are  of  the  box  column  type. 

3rd.  Independent  columns  having  independent  adjustable  tables  with  spindle 
bearings  stationary. 

4th.  Independent  columns  with  adjustable  tables  and  also  adjustable  spindle 
bearings. 

A  booklet  illustrating  various  methodsr  of  jigging  and  tooling  Rockford  Gang 
Drills  will  be  sent  free  on  request,  and  if  you  will  send  us  a  blue  print  of  your 
work  giving  material,  operations,  and  required  production,  we  will  submit  esti- 
mates free  of  charge. 
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BAUSH   MACHINE  TOOL  COMPANY 

SPRINC,  FIELD,    MASS. 

Nrw  Ycrk  Office:  50  Church  St. 

RADIAL  AND  MULTIPLE  SPINDLE  DRILLS 


All  Geared  Multi-Spindle  DrUl 

The  All  Geared  Multi-SpiiKllo  Drill  here  ilhi.strated  was  brought  out  to  cover 
a  range  of  work  where  universal  joints  were  not  equal  to  the  heavy  strains  neces- 
sary to  get  full  service  from  the  best  high  speed  twist  drills. 

The  substitution  of  gears  for  the  universal  joints  permits  a  design  of  sufficient 
strength  to  o])erate  high-speed  twist  drills  of  any  make  to  their  maximmn  capacity. 

The  iS])indles  can  be  set  to  drill  any  layout  desired  whether  circular,  sciuare, 
rectangular,  or  in  a  straight  line,  and  may  be  adapted  to  meet  si^ecial  require- 
ments when  desired. 

The  speeds  on  belt  driven  machines  will  be  from  a  three  step  cone  and  when 
motor  driven  a  2  to  1  variable  speed  motor  will  be  used. 

The  feed  mechanism  on  head  is  of  the  most  approved  type,  having  steel  and 
bronze  gears  throughout;  the  head  can  be  operated  by  hand  or  power  and  has 
automatic  knock-otT  with  quick  return  by  liand. 

Drill  spindles  have  three  changes  of  gear  feed  per  revolution  of  spindle. 

All  gears  are  made  of  steel  or  bronze,  hardened  where  necessary  and  properly 
guarded. 

All  bearings  are  bronze  bushed. 

Spindles  are  furnished  with  ball  thrust  bearings. 

Oil  pump  and  circulating  i)ipes,  with  automatic  relief. 

Each  spindle  has  individual  oiling  arrangement  with  flexil)le  tube. 

Head  is  counterbalanced  by  weight  inside  of  column. 

SPECIFICATIONS  OF  STANDARD  MODELS 
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Drilling  Machines 


BAUSH  MACHINE   TOOL  COMPANY 

SPRINGFIELD,  MA88. 

New  York  Office,  50  Church  Street 

RADIAL  AND  MULTIPLE  SPINDLE  DRILLS 


Hydro-Pneumatic  Radial  Drill 

The  principle  involved  in  the  drilling  head  was  worked  out  by  the  American 
Locomotive  Company  in  anticipation  of  the  now  quite  universal  requirements 
for  holes  in  boiler  work  drilled  from  the  solid,  instead  of  punching  and  reaming. 
The  advantages  are: 

Direct  application  of  a  variable  speed  motor  to  rotate  the  spindle,  in  this  way 
delivering  nearly  the  whole  torque  of  the  motor  at  the  point  of  the  drill. 

Feed  by  pneumatic  pressure  (at  80  lbs.  per  sq.  in.)  operating  against  an  oil 
chamber,  the  flow  from  which  determines  the  maximum  advance  of  the  drill. 
This  combination  gives  a  steady  feed  to  the  spindle  and  eliminates  all  danger  of 
breakage  from  striking  an  extremely  hard  spot,  or  breaking  through  at  the 
finish  of  the  hole. 

Other  important  features  are,  that  the  arm  is  equipped  with  a  clamping  device 
operated  from  the  saddle,  in  fact  all  operating  adjustments  are  on  the  saddle. 
All  important  bearings  are  either  roller  or  ball  bearing,  and  the  spindle  is  high 
grade  nickel  chrome  t^teel. 

SPECIFICATIONS  OF  STANDARD  MODELS 
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AMERICAN  TOOL  AND  MACHINE  CO. 

Established    1S4o 

BOSTON,  MASSACHUSETTS,  U.  S.  A. 
LATHES,  VALVE-MILLING  MACHINES,  OIL  SEPARATORS 


Turret  Lathes  (Nos.  00  and  0) :  Intended  for  heavy  brass  and  iron  work,  and 
rod  work  up  to  2-in.  diameter.  The  forward  motion  of  the  turret  can  be  accel- 
eratetl  by  simply  throwing  the  lever,  and  so  is  available  instantly  for  either  quick 
or  slow  operation. 

Cabinet  Turret  Lathes  (Nos.  1  and  2):  These  lathes  are  exceedingly  compact 
and  firm,  and  not  liable  to  spring  and  chatter.  Especially  suited  for  general 
service  on  "Chucked  work."  Head  stock  swivelled  for  boring  tai)er  holes  with 
power  feed. 

Friction  Head:  For  work  requiring  widely  different  speeds  in  its  several  opera- 
tions, we  have  designed  a  friction  head,  so  called.  This  combination  enables  the 
operator  to  use  slow  or  back  gear  speeds  by  changing  a  lever. 

Catalog  containing  full  description,  illustrations  and  specifications  of  lathes, 
sent  on  request. 


No. 


Actual 
Swing. 


Length 
of  Bed. 


Spindle. 


Takes 
Between 
Centers. 


Fitted  with 


00 
0 
1 


26'' 
24 
18 


TURRET  LATHES. 


8  ft. 
8  ft. 
6  ft. 


Hollow 

Solid 

Solid 


46  in. 
46  in. 
33  in. 


Back 
Gears 


Screw 
App.aratus 


Taper 
Attachni't 


1 

201^ 

1 

With 

Motion 

20';; 

Head 

2 

181 2 

CABINET  TURRET  LATHES. 

ft.  Solid  34  in. 


7  ft. 
fi  ft. 


Solid  34  in. 

Solid  27  in. 


With 

Friction 

Heafl 


18>- 
181. 


IMPROVED  TURRET  LATHES. 
6  ft.  Hollow  34  in. 


6  ft. 


Hollow 


34  in. 


6  ft. 


IMPROVED  LATHE 

Hollow     1       27  in.        I 


15 
13 


6  ft. 
5  ft. 


SQUARE  ARBOR  LATHE. 

I      Solid         I       26  in.       I 
Solid  27  in. 


SET  OVER  AND  BACK  MOTION  LATHES. 

2  113  I        5  ft.        I     SoUd         I       27  in.       |      1 

3  I      12  I        5  ft.        I     SoUd         I       26  in.       |      | 
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AMERICAN  TOOL  AND  MACHINE  CO. 


Improved  Turret  Lathe:  The  headstock  can  almost  instantly  be  raised  to  a 
lovol  with  that  of  the  tail  stock.  The  hollow  spindle  has  a  thrust  bearing  that 
runs  continuously  in  oil,  thus  relieving  the  spindle  of  friction  and  wear. 

Headstock  fitted  with  self-oiling,  hard  metal,  bronze  boxes  with  hardened  steel 
thrust  and  take-up,  washers  and  adjustable  caps. 

Tailstock  fitted  with  swivelling  arrangement  and  quick  motion  device  to  top 
slide. 

Screw  apparatus,  Fox  design  with  six  point  star  follower,  hobb  spindle  revolves 
at  half  the  speed  of  live  spindle,  insuring  a  strong  and  durable  leading  thread. 


OIL  SEPARATORS 
Belt  Driven 

Made  in  two  sizes.  No.  1  has  a  capacity  of  520  cubic  inches,  and  will  separate 
in  from  five  to  eight  minutes,  the  time  being  regulated  by  the  condition  and 
quality  of  the  oil  used. 

Those  same  conditions  apply  to  the  No.  2  or  larger  machine,  which  has  a  pan 
capacity  of  2,540  cubic  inches,  and  is  proportionately  heavier  and  stronger.  The 
time  required  to  separate  with  the  No. 
2  is  practically  the  same  as  with  the 
No.  1,  provided  both  are  running  at 
the  same  peripheral  speed.  The  No.  2 
separator  (see  cut),  having  about  five 
times  the  capacity  of  the  No.  1,  is 
better  adapted  to  bulky,  light-weight 
chips  or  turnings,  but  is  equally  effect- 
ive on  ordinarv  work. 


Electrically  Driven  Separator 

The  No.  1  separator  is  mounted  and 
geared  for  electric  driving.  Electric 
power  is  now  in  such  general  use  for 
machine-shop  work  that  this  type  of 
separator  meets  a  demand  from  shops 
so  equipped. 

Direct  Current  Motors  furni.shed  for 
any  voltage. 


No.  2  Oil  Separator 


47 


Lath 


les 


JONES  k  LAMSON  MACHINE  COMPANY 

SPRINGFIELD,  VERMONT,  U.  S.  A. 

77  Quri"n  Viotnria  St.,  London,  Enshinfl 

COST  REDUCING  MACHINES  FOR  LATHE  WORK 


THE  HARTNESS  FLAT  TURRET  LATHE 


Single  Spindle  Type 

The  Hartness  Flat  Turret  Lathe  which  was  originally  designed  for  bar  work 
exclusively  has  been  growing  as  a  machine  for  Chucking  Work.  This  drift 
toward  chuck  work  commenced  with  the  introduction  of  the  Cross  Sliding  Head- 
stock  in  1904  and  has  been  particularly  well  warranted,  for  by  this  feature  its 
working  range  was  extended  to  that  of  Chuck  Work  without  departing  from  the 
original  cardinal  principle  of  stability.  This  was  accomplished  by  the  unusual 
departure  of  mounting  the  headstock  on  a  cro.ss  slide,  thereby  gaining  a  double 
motion  for  each  tool  in  the  turret,  without  giving  up  the  ideal  feature  of  Single 
Slide  i)lan. 

The  Single  Slide  principle  provides  the  most  absolute  control  of  the  work  and 
tool.  It  has  certainly  not  l)een  equalled  by  any  of  the  other  schemes  which  have 
had  to  resort  to  the  use  of  two  or  more  shdes  between  the  tool  and  the  bed  casting. 

On  this  plan  has  been  carried  forward  the  success  of  the  Flat  Turret  Lathe 

which  began  back  in  1890  in  our  works,  and  to  the  success  of  which  we  humbly 
acknowledge  our  present  attainment. 

All  through  these  years  we  have  aimed  to  build  a  machine  on  ideal  lines,  both 
mechanically  and  economically — and  for  ourselves  and  our  customers.  Our 
claim  has  been  set  forth  in  our  book.  Machine  Building  for  Profit,  and  our  ma- 
chines have  been  described  in  the  Hartness  Manual  of  the  Flat  Turret  Lathe. 
Although  these  books  were  in  the  nature  of  advertising  mediums,  the  facts  were 
stated  with  the  best  degree  of  impartiality  that  could  be  held  by  earnest  advo- 
cates. 

Our  Flat  Turret  Lathe  today  stands  without  a  rival  as  the  machine  that  gives 
the  best  independent  control  of  work  and  tool,  (and  you  know  that  that  is  the  most 
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JONES  (^^  LAMSON  MACHINE  COMPANY 

SPRINGFIELD,  VERMONT,  U.  S.  A. 

77  Queen  Victoria  St.,  London,  England 

COST  REDUCING   MACHINES  FOR  LATHE  WORK 
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THE  HARTNESS  FLAT  TURRET  LATHE 
Single  Spindle  Type 

essential  feature  of  a  lathe  for  chuck  work;  if  it  were  not,  then  you  could  do  all 
\M\r  chuck  work  on  a  drill  press  at  a  great  saving  in  cost  of  installation  and  labor 
cost  per  piece). 

It  is  the  only  machine  that  combines  high  efficiency  with  adaptability.  (The 
adaptability  is  the  essential  feature  in  any  plant  in  which  there  is  a  progressive 
change  in  the  design  of  its  product.  It  is  the  feature  that  facilitates  getting 
the  work  done  when  it  is  wanted.  It  is  the  feature  that  keeps  down  the  cost 
of  special  tools,  the  immense  capital  tied  up  in  parts,  and  the  loss  entailed  by 
that  large  stock  when  on  account  of  progress  in  design  these  parts  have  be- 
come obsolete.) 

It  is  the  simplest  machine.  (Simplicity  cannot  be  overrated.  The  problems 
of  the  engineering  world  are  intricate  beyond  the  reach  of  the  human  mind,  and 
any  machine  that  is  needlessly  complex  is  a  hindrance  to  progress.  A  simple 
machine  for  accomplishing  an  important  work  is  one  of  the  greatest  blessings  of 
the  present  day.  It  eliminates  the  worry  about  how  to  do  the  work.  It  facilitates 
the  comprehension  of  the  process.  It  brings  the  machine  within  the  reach  of  the 
workman's  understanding  without  his  having  to  study  a  lifetime  to  know  how  to 
use  it.  In  fact  the  simple  machine  is  the  machine  of  greatest  value  provided  it 
meets  the  economic  conditions.) 

It  likewise  possesses  many  other  unique  characteristics  which  were  most  easily 
acquired  in  the  development  of  this  type  of  lathe.  Easy,  because  we  were  the 
first  in  the  field,  and  we  took  the  natural  means  and  selfishly  patented  them. 
This  has  not  led  to  a  public  loss.  It  has  led  to  the  production  of  the  greatest 
number  of  these  machines  by  one  manufacturer  and  this  has  made  it  possible  to 
give  a  machine  of  the  highest  value  at  the  lowest  price.  Machine  builders  know 
what  gains  can  be  made  by  this  process,  yet  even  they  are  frequently  chagi'ined 
at  our  success. 

But  all  these  facts  are  well  known  to  our  friends  who  have  bought  our  machines, 
and  many  of  our  friends  who  have  bought  others.  Just  now,  however,  we  are 
announcing  something  that  may  not  be  generally  known. 

WE  HAVE   MADE  TWO   NEW  DEPARTURES 

First,  we  are  making  the  Flat  Turret  Lathe  in  two  styles.  The  Regular  style 
you  know  well.  (It  is  made  in  two  sizes.  The  smaller  one  is  called  the  2\  x  24 
size.  It  handles  bar  work  up  to  2J  inches  diameter  of  the  bar  from  which  the 
work  is  turned,  and  chuck  work  up  to  12  inches  in  diameter  and  from  1  inch  to 
8  inches  or  12  inches  long,  according  to  the  character  of  the  piece.  The  larger  one 
is  known  as  the  3  x  36  Flat  Turret  Lathe,  and  it  handles  bars  up  to  3  inches  diam- 
eter, and  chuck  work  up  to  14  inches  and  from  1  inch  thick  to  12  inches  or  18 
inches  long,  according  to  the  character  of  the  piece.) 
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Double  Spindle  Flat  Turret  Lathe 


The  New  Machine  will  be  known  as  The  Double  Spindle  Flat  Turret  Lathe. 

It  is  designed  primarily  for  chuck  work.  It  may  be  used  either  as  a  single  spindle 
or  a  double  spindle  lathe.  When  used  Single  it  can  carry  a  chuck  of  17-inch 
diameter,  and  when  both  spindles  are  used  the  two  chucks  are  9-ineh  diameter. 
This  double  spindle  is  another  step  toward  highest  output  per  dollar  of  invest- 
ment. It  possesses  many  unique  features  especially  contrived  to  get  out  large  lots 
of  work.  For  small  lots  of  work  the  single  spindle  lathe  should  be  used,  or  this 
machine  should  be  used,  with  one  instead  of  two  spindles. 

The  Two  Spindle  Machine  gets  it  output  by  the  use  of  two  sets  of  tools.  It 
carries  on  two  similar  cuts  at  the  same  time.  Since  these  cuts  are  exactly  the 
same,  the  speeds  and  feeds  may  be  the  most  advantageous,  the  long  cuts  being 
taken  on  both  pieces  at  the  same  time,  and  the  short  cuts  are  also  taken  simul- 
taneously. This,  of  course,  has  a  distinct  advantage  over  the  machines  of  multi- 
spindles  in  which  one  set  of  tools  must  operate  on  all  of  the  pieces,  for  in  such 
machines  the  total  time  is  a  multiple  of  the  longest  operation  divided  by  the 
number  of  spindles,  whereas  in  the  present  scheme  the  total  time  is  only  the  sum 
of  all  the  operations  divided  by  two,  the  short  one  counting  only  for  the  exact 
time  recjuired  instead  of  counting  as  much  as  the  longest  one. 

The  simplicity  of  operation  and  the  similar  character  of  the  two  cuts  results 
in  a  greater  saving  than  is  apparent  at  first  glance.  It  will  be  readily  appreciated 
by  those  who  have  been  exasperated  by  the  excessive  compromises  that  must  be 
made  in  some  instances  in  producing  work  on  the  multi-spindle  turret  machines 
in  which  only  one  set  of  tools  is  used.  The  loss  of  time  on  some  kinds  of  work 
is  a  serious  handicap,  especially  on  work  which  requires  a  great  difference  in 
time  in  the  performing  of  the  several  operations. 
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THE  DOUBLE  SPINDLE  FLAT  TURRET  LATHE 

The  advantages  of  the  Double  Spindle  Flat  Turret  Lathe  will  be  found  to  be 
many  on  many  kinds  of  work,  ))ut  of  course  it  is  designed  more  for  iiiuimfacturiiifi; 
conditions  of  large  repetition  work  than  for  conditions  which  call  for  quick 
change  and  small  lots. 

It  gains  its  advantage  over  all  other  means  not  only  on  account  of  its  double 
cuts  of  a  kind,  but  it  combines  with  the  double  spindle  the  advantages  that  go 
with  a  hand-operated  lathe, — such  as  highest  cutting  speeils  and  feeds.  These, 
of  course,  caiuiot  be  attained  by  an  automatic  machine  that  is  not  constantly 
under  the  watchful  eye  of  the  operator.  The  difference  in  speeds  makes  an  im- 
portant difference  in  output. 

The  Double  SpintUe  Lathe  also  requires  a  little  more  care  in  setting  the  second 
set  of  tools  so  that  they  may  act  in  harmony  with  the  first  set,  but  even  this  is 
minimized  by  the  auxiliary  adjustment  provided  for  many  of  the  tool  holders; 
and  another  restriction  is  that  with  this  doubling  of  tooling  there  is  necessarily 
some  restriction  of  the  range  of  work,  but  it  is  nothing  compared  with  the  natural 
restrictions  of  other  machines  that  are  offered  for  manufacturing  conditions. 
Hence  this  machine  and  our  Regular  Single  Spindle  Lathe  still  maintain  the 
leading  position  as  adaptable  broad  range  machines,  and  these  machines  possess 
this  desirable  characteristic  not  by  giving  up  their  stability  or  convenience  of 
control,  but  solely  by  well  considered  schemes  of  design,  such  as  can  only  be 
brought  forth  by  specialists. 

For  instance,  let  us  look  at  the  convenience  of  setting  up  the  tools  for  turning 
a  new  piece  of  work  on  the  Double  Spindle,  \^'e  will  imagine  we  have  a  piece  of 
chuck  work  about  8  inches  in  diameter,  and,  say  about  4  inches  wide,  like  a  pullej', 
gear  blank,  or  any  similar  i)iece  which  would  recjuire  boring  an  inside  hole,  turn- 
ing the  outside  diameter,  facing  the  flange  and  hub,  and  perhaps  turning  the 
outside  of  the  hub  and  inside  of  the  flange  and  facing  the  web. 

What  is  the  most  natural  way  to  group  these  tools  ?  What  form  of  holding 
turret  gives  these  tools  the  most  stable  support  to  resist  the  cutting  stress?  It 
seems  to  us  that  the  most  natural  way  to  place  these  tools  near  the  work  previous 
to  clamping  them  is  to  lay  them  down  at  the  edge  of  a  table  with  their  cutting 
point  projecting  beyond  that  edge,  just  far  enough  to  reach  into  or  over  the  work, 
and  that  the  best  support  for  these  tools  would  be  such  a  table  mounted  solidly 
on  a  slide  that  will  bring  it  up  closely  to  the  work  so  that  there  is  no  unnecessary 
overhang. 

With  such  a  thought  in  mind,  we  have  given  the  Double  Spindle  Turret  Lathe 
a  square  topped  fiat  turret.  The  edges  of  its  four  sides  may  be  presented  one 
after  the  otlicr  to  the  work.  Each  edge  may  carry  two  sets  of  tools,  the  front 
set  for  the  front  spindle  and  the  back  set  for  the  back  spindle.  These  edges  carry 
the  tools  which  must  have  the  most  rigid  and  accurate  support.  (The  four  corners 
may  be  used  for  carrying  drills,  reamers,  dies,  taps  or  boring  tools  when  working 
on  one  spindle  at  a  time.) 

Has  there  ever  been  presented  a  more  ideal  tool  support  for  a  Turret  Lathe, 
both  for  meeting  the  most  natural  and  convenient  way  of  setting  the  tools  for  a 
new  piece  of  work,  and  for  the  firmest  control  of  these  tools  under  working  stress  ? 

The  means  for  clamping  these  tools  to  the  toj)  of  the  turret  are  the  simplest, 
and,  of  course,  the  tools  are  likewise  the  simplest.  Then,  after  that,  the  single 
slide  scheme  of  operating  reduces  the  uncertainty.  For  there  is  one  handle  that 
moves  the  turret  carriage  to  and  from  the  chuck,  and  another  handle  that  moves 
the  work-carrying  headstock  back  and  forth  to  get  a  change  of  diameter,  and 
when  either  or  both  of  these  motions  are  made  for  one  tool,  we  know  that  the 
other  tool  is  similarly  affected. 

But  we  must  go  on  with  our  story  and  give  the  second  part  of  our  announce- 
ment. 
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The  Fay  Automatic  Lathe 

The  Fay  Automatic  Lathe  is  now  built  and  sold  by  the  Jones  &  Lamson 
Machine  Co.  in  conjunction  with  the  Flat  Turret  Lathe. 

The  best  industrialists  know  that  it  is  not  good  practice  to  duplicate  the  number 
of  handlings  of  a  pi(>ce  of  work  in  tlie  machine  shop  and  we  have  won  a  great  part 
of  our  good  name  by  offering  a  way  to  do  chucking  work  so  that  the  whole  piece 
came  from  the  machine  fully  turned.  That  is,  in  many  cases;  in  fact,  in  most 
cases  where  the  piece  could  be  sHghtly  remodeled  to  meet  our  conditions  we 
have  been  able  in  the  Flat  Turret  Lathe  to  bore,  turn,  face,  and  in  fact,  perform 
a  variety  of  intricate  lathe  operations  on  a  piece  of  work  without  ever  taking  it 
out  of  the  chuck.  In  turning  a  gear  blank,  for  example,  we  have  turned  the 
outside  and  both  faces  of  the  rim,  we  have  faced  the  hubs  and  bored  the  hole 
jx'rfectly  true,  all  with  one  setting  simj)ly  by  holding  the  gear  blank  by  chuck 
jaws  that  have  gripped  outwardly  on  the  inner  edge  of  the  rim  between  the 
arms  of  the  blank. 

So  many  ways  have  been  found  to  fully  turn  a  piece  of  work  at  a  single  setting, 
or  at  least  to  turn  all  of  those  surfaces  that  should  be  absolutely  true  with  each 
()tlu;r,  that  a  great  saving  in  cost  of  such  work  has  been  effected  by  our  machine. 
And  it  is  a  saving  that  every  Superintendent  of  a  machine  shop  appreciates,  for 
he  knows  that  it  is  almost  impossible  to  re-chuck  a  piece  of  work  so  that  it  will 
rtm  true  \vith  the  cuts  first  taken.  So  difficult  has  this  been  that  many  sacrifices 
in  design  have  been  made  just  to  provide  a  way  to  do  all  of  the  turning  operations 
on  a  piece  at  one  setting,  thus  ensuring  absolute  truth  of  the  work.  • 
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THE  FAY  AUTOMATIC  LATHE 

But — there  are  pieces  of  work  that  must  be  turned  on  center  point  supports. 

'I'hal  is,  there  are  jjieci's  of  work  (hat  can  l)e-t  be  supported  ou  regular  engine 
lathe  center  points.  Some  of  these  have  no  hole  through  them.  In  fact,  some 
seem  to  combine  the  characteristics  of  both  bar  and  chuck  work  and  are  so 
fonneci  that  there  seems  only  one  wa.y  to  supj)ort  them  and  that  is  on  center  points 
such  as  have  been  used  in  the  good  old  engine  lathe  from  the  first  days  of  its 
existence. 

And  it  is  to  providt^  for  this  work  th;it  we  have  taken  over  the  Fay  Automatic 
Lathe.  It  is  offered  for  work  that  must  be  turned  on  centers  as  an  auxiliary  for 
the  Flat  Turret  Lathe. 

The  good  featin-e  about  the  center  point  support  is  that  it  is  the  means  by  which 
a  piece  may  be  taken  out  and  a  new  piece  put  into  a  lathe  in  the  shortest  possible 
time.  In  other  words,  it  is  the  quickest  process  of  re-gripping  a  piece  of  chucking 
work.  There  are  other  quick  waj's,  but  they  are  lacking  in  accuracy.  There  is 
no  "one  way"  for  all  pieces  of  work.  There  is,  however,  a  one  and  only  way  that 
some  pieces  should  be  held,  and  it  is  for  such  pieces  that  should  be  held  on  centers 
that  we  are  offering  this  machine. 

The  Fay  Lathe  is  distinctly  a  center  piece  support  automatic  engine  lathe  for  a 
certain  range  of  work.  It  is  in  a  class  by  itself,  and  is  one  of  the  simplest  auto- 
matic machines  for  lathe  work. 

Although  the  stability  of  tool  control  is  superior  to  many  machines  for  auto- 
matic operation,  it  is  not  claimed  that  it  approaches  the  ideal  in  this  respect  of 
the  Flat  Turret  Lathe,  but  it  is  equally  convenient  for  quick  adjustment  for  any 
new  piece  of  work,  and  it  uses  the  very  simplest  of  cutting  tools.  The  success  of 
this  machine  is  attested  by  the  batteries  of  them  that  have  been  installed  by 
people  who  have  had  a  chance  to  know  of  its  merits. 

It  will  be  our  purpose  to  furnish  full  information  of  this  machine  so  that  the 
work  coming  within  its  range  may  be  done  where  it  will  be  turned  out  at  lowest 
cost  and  best  advantage,  for  this  is  ;in  important  link  in  the  lathe  equipment  of 
almost  every  manufacturing  machine  maker. 

Remember,  then,  that  the  Jones  &  Lamson  Machine  Company  of  Springfield, 
Vermont,  and  London,  England,  are  now  building  and  selling  the  Double  and 
Single  Spindle  Hartness  Flat  Turret  Lathe,  and  The  Fay  Automatic  Lathe  for 
center  point  support  work. 

That  the  Hartness  Flat  Turret  Lathes,  Regular  and  the  Double  Spindle,  are  for 
chuck  work  as  well  as  for  bar  work.  That  they  cover  chuck  work  up  to  17-inch 
diameter,  are  built  to  give  the  best  independent  control  of  Work  and  Tools;  the 
Highest  Efficiency  as  profit  producers  from  the  investor's  standpoint ;  the  machines 
which  give  the  greatest  output  when  it  is  wanted,  and  which  will  produce  almost 
any  conceivable  piece  of  work  without  special  equipment. 

The  Regular  Lathe  is  our  standard  machine  for  meeting  the  conditions  found 
in  machine  building  plants,  such  as  automobile  work,  etc. 

The  Double  Spindle  meets  the  demand  for  the  greatest  output  at  expense  of  a 
little  delay  in  "setting  up"  the  machine  for  a  new  piece,  ( this  delay  being  negligible 
on  work  which  requires  no  change  in  tooling  for  periods  of  several  days  or  more), 
and 

The  Fay  Automatic  Lathe  is  for  work  that  must  be  supported  on  centers. 
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THE  WARNER  k  SWASEY  COxMPANY 

Works  and  Main  Office  :  CLEVELAND,  OHIO 

Branch  Offices  :  New  York,  Boston,  Detroit  and  Chicago 


TURRET  LATHES  TURRET  SCREW  MACHINES 

BRASS-WORKING  MACHINE  TOOLS 


No.  3A— Tools  for  Bar  Work  No.  3A— Tools  for  Chucking  Work 

HOLLOW-HEXAGON  TURRET  LATHES 

Fur  the  rapid,  accurate  and  economical  production  of  lathe  work;  from  bar 
stock,  forgings  and  castings.  Complete  tool  equipments  for  bar  and  chucking 
work. 

Four  sizes:  Automatic  Chuck  capacity,  1^  to  4|";  length  turned,  18  to  30"; 
.swing  over  bed,  14  to  24". 


6 — Bar   Capacity   aj";   Swing,    i8' 

TURRET   SCREW  MACHINES 

Five  sizes — |  to  3g"  automatic  chitcli  cajtacity-;  10  to  20"  swing. 
With  or  without  automatic  chuck;  l)ar  feed;  automatic  feed  for  turret;  auto- 
matic feed  for  cut-off,  etc. — every  modern  facility  for  rapid  jjioduction. 


Plain  Turret  Lathe  Universal  Turret  Lathe 

TURRET  LATHES  AND  BRASS-WORKING  MACHINE  TOOLS 

Turret  Lathes — 14  to  24"  swing;  Plain,  Set-over  or  Universal  turret;  with  or 
without  Geared-friction  Head,  Automatic  Chuck;  Cut-off;  Forming  attachment; 
Chasing  attachment,  etc. 

Automatic  Boring  and  Tapping  Machines;  \alve  Milling  Machines;  Key 
Lathes;  Cock  Grinders,  etc. — for  the  manufacture  of  valves,  cocTcs,  fittings  and 
similar  work. 

Equipments  planned  and  estimates  of  outputs  furnished  upon  request. 
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WM.   SHELTON  NICHOLAS 


2ol   Broadwav 


IG  C'IuiitU  .Street, 


NEW  YORK,  N.  Y.  HOOSICK  FALLS,  N.  Y 

TOOLS,  MACHINERY,  MACHINE  SHOP  EQUIPMENT 


HERCULES  PORTABLE  CRANE  HOIST 
Patented  Dec.  13,  1905 

There  are  many  firms  whose  work  does  not 
warrant  instalhng  an  extensive  system  of 
overhead  trav^eUing  cranes,  but  is  neverthe- 
less too  heavy  to  handle  bj^  primitive  meth- 
ods. 

There  are  other  firms  who  akeady  have 
overhead  trolleys,  travelling  cranes,  etc., 
which  do  not  meet  all  the  requirements  of 
the  plant.  They  are  limited  in  scope  to  the 
length  of  the  runways. 

In  both  instances,  there  is  a  real  need  for 
our  Hercules  Portable  Crane  and  Hoist. 

This  is  a  compact  movable  machine,  with 
wheels  on  roller  bearings.  Operated  by  one 
man  it  will  pick  up  a  heavy  casting,  a  shaper, 
or  even  a  lathe,  and  move  it  to  any  point  on 
the  shop  floor,  or  from  one  building  to  an- 
other. 

Its  design  is  such  that  it  can  be  used  in 
many  ways,  and  for  countless  purposes,  and 
it  is  made  in  a  variety  of  sizes  to  suit  all  re- 
quirements and  pocketbooks.  It  is  always 
ready,  easily  put  aside  when  the  work  is 
done,  and  when  not  in  use  can  be  put  in  an 
out-of-the-way  corner  of  the  shop. 

Of  constant  use  in  machine  shop  tending 
planers  and  lathes,  etc. 

The  frame  is  of  structural  steel  shapes, 
giving  wonderful  strength  and  reliability. 


No.  I,  Weight  285  lbs. 
Capacity  1000  lbs. 
Standard  Pattern 


No.  6-B.    Wt.  1250  lbs.    Capacity 
lbs.    Low  down  Pattern 


6000 


DIMENSIONS,  WEIGHTS.  AND  CAPACITIES  OF  STANDARD  SIZES 


Weight, 

Capacity, 

Height 

Width 

Length 

Over- 

Size 

Lbs. 

Lbs. 

over  all 

over  all 

over  all 

hang 

Hoi.st 

Price 

1 

28.5 

1000 

8  ft. 

4  ft.    2  in. 

4  ft. 

1ft.  11  in. 

6  ft.  9  in. 

$45 . 00 

2 

32.5 

2000 

8  ft. 

4  ft.    2  in. 

4  ft. 

1ft.  11  in. 

6  ft.  9  in. 

57.50 

3 

425 

3000 

8  ft. 

4  it.    2  in. 

4  ft. 

1ft.  11  in. 

6  ft.  9  in. 

70.00 

4 

850 

4000 

9  ft. 

-1  ft.    8  in. 

4  it.  11  in. 

2  ft.    6  in. 

7  ft.  2  in. 

90.00 

5 

940 

5000 

9  ft. 

4fl.  11  in. 

5  ft. 

2  ft..    9  in. 

7  ft.  2  in. 

105.00 

6 

1050 

(UlOd 

9  ft. 

oft.     2  in. 

0  ft.    4  in. 

2  ft.    9  in. 

6  ft.  S  in. 

125.00 

6-B* 

1250 

0000 

8  ft. 

4  ft..    9  in. 

Gft.  10  in. 

3  ft.    4  in. 

5ft.  Sin. 

150.00 

*  Low  down  pattern. 


Write  for  Catalog 
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THE    BULLARD    MACHINE    TOOL 
COMPANY 

BHn:)c;EF()RT,  conn.,  u,  s.  a. 

THE   VERTICAL   TURRET  LATHE 

(New  Kra  Typo,  Patented) 


Tlie  Vei'tical  Turret  Lathe  is  a  "boring,  turning  and  facing  machine,"  essentially 
o.ifiinal  in  design,  in  the  development  of  which  especial  consideration  was  given 
t !)  Uie  elimination  of  wasted  time  in  machine  operation, — a  decidedly  large  factor  in 
productive  capacity. 

The  basic  feature  of  its  design  lies  in  the  disposition,  at  a  right  angle  to  each 
other,  of  two  universally  and  independently  movable  tool-carrying  heads. 

The  Main  Turret  Head  is  mounted  on  a  horizontal  cross  rail  (as  in  the  construc- 
tion of  the  Vertical  Boring  and  Turning  Mill),  and  the  Side  Turret  Head  (similar 
to  the  tool  carriage  of  a  lathe)  is  supported  by  a  vertical  side  rail;  both  rails  form- 
ing a  unit  which  is  adjustably  mounted  on  the  Bed  or  C'olunm,  in  the  base  of 
which  is  suj)i)orted  the  table  spindle  and  the  entire  driving  and  sj^eed  change 
mechanism — the  whole  forming  a  compact  and  self-contained  unit  of  extreme 
strength  and  rigidity. 

The  unique  disposition  of  the  two  Heads  permits  the  simultaneous  machining 
of  contiguous  surfaces  without  interference  between  Heads  or  Tools,  and  the  tivo 
Turrets  will  hold  in  instant  retidiness  all  tools  required  for  an  entire  sequence  of 
operations. 

The  independent  universal  movements  of  both  Heads  simplifies  the  tool  equij)- 
ment  reciuircd  for  a  wide  range  and  variety  of  work — the  same  tools  (except  ing 
reamers)  being  used  for  all  work  of  tlu^  same  type  coming  within  the  range  of  the 
machine. 

OPERATIVE    FEATURES 
Which  Eliminate  Wasted  Time 

VERTICAL  CONSTRUCTION— easy  chucking  with  gravity  as  an  aid. 
QUICK  SPEED  CHANGE — the  right  speed  easily  maintained. 
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THE    BULLARD    MACHINE    TOOL 
COMPANY 

BRIDGEPORT,  CONN.,  U.  S.  A. 

THE   VERTICAL  TURRET  LATHE 

(New  Era  Type,  Patented) 


QUICK  ACTING  BRAKE  eliminates  idle  table  revolutions. 
RAPID  POWER  TRAVERSE  conserves  the  operator's  energy. 
CENTRALIZED  CONTROL  is  perfect  control— no  long  reaches  or  false  moves. 
LARGE  MICROMETER  DIALS  are  easily  read  in  taking  measurements. 
OBSERVATION  STOPS  simplify  the  duplication  of  various  sizes  in  repetition 

STRUCTURAL  FEATURES 

Which  Reduce  Maintenance  Cost 
SINGLE  PULLEY  DRIVE  at  constant  si)eed  obtaining  highest  efficiency  and 
longest  life  from  belting. 

MULTIPLE  DISC  CLUTCH  running  at  constant  speed  maintains  maximum 
efficiency  regardless  of  table  speed.  Amply  proportioned  for  heaviest  duty  and 
readily  adjustable  for  wear. 

ALLOY  STEEL  GEARS,  throughout  driving  and  feed  train,  heat-treated  to 
260,000  lbs.  tensile  and  245,000  lbs.  elastic  are  practicably  indestructible  through 
either  breakage  or  wear. 

CONTINUOUS  FLOW  LUBRICATION  of  all  bearings  and  gears  insures 
highest  power  efficiency  and  immeasureably  increased  life  of  parts  and  obviates 
possibility  of  breakage  and  delay  due  to  carelessness  of  operator  in  failing  to  fill 
any  one  of  a  "hundred  and  one"  oil  holes. 

IMPROVED  TURRET  INDEXING,  differing  radically  from  standard  con- 
struction, maintains  accuracy  of  alignment  and  provides  means  of  correction  for 
each  face  should  inaccuracy  occur. 

SIZES. 
24  Inch  and  36  Inch  "Rapid  Production  Type." 
36  Inch  and  42  Inch  "New  Era  Type." 
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Vertical  Turret  Machines 


THE  KING  MACHINE  TOOL  CO 

CINClNxXATI,  OHIO 

30"  AND  34"  VERTICAL  TURRET  MACHINES. 
VERTICAL  BORING  AND  TURNING  MACHINES     40"  TO  84"  INCLUSIVS 


Having  been  designed  after  high-speed  tool  steels  had  fully  demonstrated 
their  j)ossibilities,  these  machines  are  constructed  to  tax  the  best  of  them 
to  their  limit  and  have  sufficient  weight  to  not  only  withstand  the  strains 
imposed,  but  also  to  absorb  the  shock  and  vibration  incident  to  machining 
under  modern  shop  conditions. 

E\'erv  feature  which  has  demonstrated  its  worth  in  modern  boring-mill 
practice  has  f^een  incorporated  in  the  design  of  each  machine,  from  smallest 
to  largest,  while  no  attachments  have  been  added  solely  to  serve  as  talking 
points  and,  consequently,  these  mills  are  free  from  needless  complications 
and  trai)piness.  The  material  entering  into  their  construction  is  every- 
where the  best  for  the  particular  service  demanded  of  that  part,  the  work- 
manship is  of  the  highest  grade,  all  parts  are  made  as  nearly  interchangeable 
as  is  practicable  in  machines  of  this  size  and  excessive  finish  has  been  elimi- 
nated. 

Care  has  been  exercised  to  render  all  parts  easy  of  access,  easy  to  lubricate 
and  easy  to  adjust;  operating  levers  are  so  grouped  as  to  require  the 
minimum  expenditure  of  effort  on  the  part  of  the  operator;  gearing  is 
fully  protected  by  guards,  the  latter  being  hinged  to  swing  aside  at  those 
points  where  access  to  gears  is  desirable.  Motor-drive  application  Ava ; 
fully  considered  in  making  the  original  design  and  all  sizes  of  machines 
are  adapted  to  the  use  of  any  make  of  motor,  either  constant  or  variable 
speed — the  latter  having  a  maximum  ratio  of  2  to  1. 

Original  alignments  are  extremely  accurate  and  provision  is  made  for 
maintaining  them.  All  sizes  are  entirely  self-contained  and  should  be 
placed  upon  solid,  unyielding  foundations  in  order  to  secure  best  results 
and  most  quiet  operation. 

IMPORTANT  FEATURES. 
Power  rapid  traverse  to  heads  in  all  directions,  with  table   either   at    rest 
or  in  motion 

Instantaneous  feed-changing 
mechanism,  whereby  any  feed 
may  bo  olitained  at  will. 

Single-lever  control,  whereby 
the  rapid  traverse  may  be  en- 
gaged in  any  direction  by  one 
lever,  independently  of  positive 
feeds. 

Resilient  drive  which  elim- 
inates chatter  and  gear  marks. 

Mechanical  belt  shifter,  o])er- 
ated  l)y  a  single  lever. 

Adapted  to  motor  drive  of  any 
style  or  make. 

Foot-brake  to  table  of  larger 
machines. 

Safety  device  to  guard  against 
overloading  of  feed  mechanism. 

Friction  rail-elevating  mech- 
anism, noiseless  in  t)i)eration  antl 
overcoming  objectionable  fea- 
tures of  tumbler-gears  at  this 
jioint. 

Automatic  and  adjustable 
knock-out  to  all  feeds,  positive 
in  action  and  w'orking  within 
extremelv  close  limits. 
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Vertical  Boring  and   Turning  Machines 


THE  KING  MACHINE  TOOL  CO. 

GENERAL  DESCRIPTION 

Wearing  surfaces  and  hearings  arc  of  such  proportions  as  to  insure 
durability  and  to  withstand  the  most  severe  service  to  which  machines 
of  their  size  and  capacity  should  be  subjected.  All  plane  surfaces  are 
scraped  to  surface-plates  and  cylindrical  bearings  are  ground.  All  driving 
shafts,  feed  shafts  and  cross-rail  screws  are  made  from  high  carbon,  open 
hearth  steel;  screws  are  carefully  chased  in  special  machines  and  worms 
are  milled.  Spur-  and  bevel-gear  pinions  are  of  steel,  spur  gears  are  cut 
from  the  solid  and  bevel  gears  are  correctly  planed.  All  screws  and  nuts, 
except  those  not  likely  to  require  adjustment,  are  hardened. 

To  eliminate  the  use  of  separate  countershafts  the  upper  cone  pulley 
shaft  is  provided  with  tight-and-loose  pulleys  and  is  mounted  on  top  of 
the  machine;  this  arrangement  gives  all  the  advantages  of  the  single- 
pulley  drive,  yet  allows  the  use  of  efficient  cone  pulleys  which,  in  connec- 
tion with  the  mechanical  belt-shifter,  give  rapidity  of  speed  change 
equalled  only  by  controller  of  a  variable-speed  motor.  All  machines  are 
provided  with  four  mechanical  changes  of  table  speed,  two  through 
friction  clutches  and  two  through  positive  clutches,  and  these,  in  conjunction 
with  the  changes  obtainable  through  the  cone  pulleys,  furnish  from  twelve 
to  twenty  table  speeds,  depending  on  the  size  of  the  machine. 

Motor  drives,  employing  either  constant  or  variable  speed  motors,  are 
easily  arranged.  If  a  constant  speed  motor  is  used  it  is  belted  to  the  upper 
cone-pulley  or  driving  shaft,  located  on  the  top  of  machine,  and  the  speed 
variations  are  obtained  through  the  cone  pulleys  and  the  four  mechanical 
speed  changes  of  driving-head.  If  a  variable-speed  motor  is  employed,  the 
cone  pulleys  and  belt-shifter  are  dispensed  with  and  the  two  to  one  speed- 
range  of  the  former  is  obtained  through  the  motor. 

All  machines  are  equipped  with  power  rapid  traverse  to  heads  in  all 
directions  and  also  with  what  is  termed  a  "rail-box,"  the  office  of  which 
is  to  furnish  change  from  vertical  to  horizontal  movement,  or  vice  versa, 
of  the  head  which  it  controls  by  the  manipulation  of  a  lever  and  without 
the  use  of  slip-gears  at  ends  of  rail.  It  also  provides  a  safety  jjoint  in  the 
feed  train  and  may  be  equipped  with  attachment  for  screw-and 
scroll-cutting. 

The  cross-rail  is  of  the  narrow- 
guide  type  and  the  heads  are 
sciuare-locked,  machined  from  the 
solid  without  loose  clamps  and 
provided  with  taper  gil>s  which 
are  adjustable  to  com])ensate  for 
wear.  The  tool-bars  are  provided 
with  steel  rack  their  entire  length  ; 
they  carry  forged  tool-posts  and 
may  he  swiveled  to  either  side  of 
the  vertical  by  worm-and-segment 
device. 

The  table  is  provided,  on  its 
under  side,  with  a  conical  seat 
which  rests  upon  a  similar  bearing 
on  the  spindle.  This  has  a  self 
centering  tendency,  reduces  side- 
thrust  on  the  spindle  and  is  of  such 
proportions  that  the  maximum  load 
borne  is  well  within  the  limits  pre- 
scribed for  such  service. 
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Key-Seating  Machines 


xMlTTS  \  MERRILL 

SAGINAW,  AIICHIGAN 

THE  GIANT  KEY-SEATER,  KEY-SEAT  MILLING  MACHINES, 
A  BORING  MILL 


THE  GIANT  KEY-SEATER 


No.  2  Giant  Key-Seater  and  Countershaft. 

THE  GIAXT  KEY-SEATER  cuts  perfectly  true.  Key-ways  straight  or 
tapered  without  regard  to  wh(>ther  the  hub  is  faeed  true  or  left  rough  as  it  eomes 
from  the  foundry.  Every  job  is  quickly  and  acciu'ately  set  and  fastened  by 
its  hore  only. 

This  means  that  in  many  cases  it  is  possible  to  save  the  expense  of  facing  a 
hub  by  using  the  Giant  Key-Seater.  The  saving  in  money  represented  by  this 
feature  alone  will  soon  pay  for  the  machine. 

A  kej'-seat  6"  long,  \"  wide,  and  \"  deep  can  be  cut  in  two  minutes.  This  in- 
cludes time  of  putting  on  and  taking  from  machine. 

The  machines  may  be  fitted  to  cut  Key-seats  in  holes  from  \  inch  in  diameter 
up  to  the  largest  size  needed,  and  it  is  possible  for  the  largest  machine  to  operati" 
in  very  small  and  long  holes.  In  key-seating  small  work  such  as  steel  milling 
(fitters  ^  inch  thick,  eighteen  or  more  pieces  can  be  cut  at  one  time.  No  other 
machine  does  this. 

We  can  furnish  cutters  for  special  work,  such  as  square  holes,  half-round  key- 
seats,  dovetail  key-seats,  double  key-seats,  or  other  special  shapes  such  as  are 
used  in  automobile  work. 

The  Giant  will  finish  two  ordinary  key-seats  before  one  piece  can  b(»  fastened, 
ready  for  k(>y-seating  on  other  styles  of  machines. 

FLOOR  SPACE,  WEIGHT  AND  OTHER  DATA 


Largest  Post 

Widest  Cutter 

Approx. 

Key-seater 

Stroke 

that  may  be 

that  mav  be 

Gross 

Floor  Space 

used 

used 

Weight 

No.  0 

7  inch 

\]/2  inch 

'^   inch 

650  lbs. 

2       x3  ft. 

No.  2 

13  inch 

2%  inch 

IM  inch 

1500  lbs. 

5      X  2  ft. 

No.  3 

16  inch 

3^^  inch 

2       inch 

1900  lbs. 

5M  x2  ft. 

No.  3A 

25  inch 

■i%  inch 

2       inch 

2000  lbs. 

51/i  X  2  ft. 

No.  4 

19  inch 

3H  inch 

21/2  inch 

2100  lbs. 

6      X  2  ft. 

No.  5 

25  inch 

iYf,   inch 

3       inch 

4300  lbs. 

%\4,  X  3  ft. 

No.  6 

31  inch 

6        inch 

4        inch 

4800  lbs. 

63/2  X  3  ft. 

No.  6A 

38  inch 

G        inch 

4        inch 

4800  lbs. 

6}^  X  3  ft. 
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Milling  Machines,  Boring  Mills 


MITTS  cV  MERRILL 

SAGINAW,  MICH. 


KEY-SEAT  MILLING  MACHINE 

Our  Nu.  3  Kej'-8p;it  Milling  Machine  is 
(•(luii)p('d  with  a  vertical  arbor  for  routing  out 
the  ends  of  key-seats.  The  machine  is 
strongly  geared  and  stiffly  built  for  kej'-seat- 
ing  shafts  up  to  10"  in  diameter,  and  for 
ordinary  plain  milling  up  to  capacity  of  the 
machine.  The  hand  \vhe(>ls  for  the  different 
feeds  and  movements  of  the  machine  are  con- 
veniently arranged  and  the  weight  of  the 
crossrail  and  gearing  is  counterbalanced. 
The  platen  has  basins  on  each  end  to  catch 
the  lubricant  for  which  the  rail  serves  as  a 
reservoir.  The  vertical  and  cross  feed  have 
micrometers  for  fine  adjustment.  With  the 
machine  is  fm-nished  wrenches  and  an  ad- 
justable floor  stand  for  shafting.  Two 
smaller  sizes  are  made  as  listed  below.  The 
No.  1  machine  is  only  suitable  for  milling 
key-seats  in  shafting.  Nos.  2  and  3  will  do 
for  plain  milling  also. 


:-|5^^^" 


No.  3  Key-Seat  Milling 
For  I  inch  to  loinch 


Machine 
shafts. 


Machine 

Capacity          |         Table 

Traverse 

Floor  Space  Req. 

Weight 

No.  1 

%  in.  to  3  in.       j          ,„  , 
dia.  shaft           1          12  long 

14 

34x22 

800  lbs. 

No.  2 

1  in.  to  6  in. 
dia.  shaft 

26  X  12 

34 

36"  X  31  or  40 

2800  lbs. 

No.  3 

1  in.  to  10  in.                 .  .       ,„,  , 
dia.  shaft                  44  X  12J^ 

43 

74  x36 

4100  lbs. 

BORING  MILL 


For  Straight  or  Taper  Holes  up  to  8  in.  Diameter 

We  illustrate  a  Boring  Mill  which  we  manufacture  and  have  used  in  our  own 
shop  for  several  years.  It  is  designed  for  boring  a  class  of  duplicate  or  heavy 
work  difficult  to  chuck  in  a  lathe,  and  for  the  occasional  job  of  large  diameter. 
Driving  shaft  and  pulley  can  be  extended  any  distance  required  to  swing  the 
work  on  revolving  table.  Cutter  bar  is  clamped  in  a  saddle  sliding  on  a  vertical 
rail  which  is  pivoted  at  the  top  and  cnn  be  swung  from  the  perpendicular  to 
hoTQ  holes  up  to  2  inch  taper  per  foot  or  more  if  required. 

Capacity:  will  bore  holes  up  to  8  inches  diameter  and  18  inches  long. 

Table:  35  inches  diameter,  5  inches  deep;  has  6  T  slots  for  |  inch  bolts.  Height 
of  table  above  floor,  33  inches.  Bearing  for  table  is  a  7§°  x  45°  V  bearing  3 
inches  wide,  18  inches  diameter. 

Vertical  rail,  2  feet  9  inches  long,  10  inches  wide. 

Saddle  has  bearing  14  inches  long  and  a  travel  of  IS  inches.  Saddle  holds 
boring  bars  up  to  2f|  inches  diameter. 

Floor  space,  3  feet  6  inches  by  6  feet  6  inches.     Weight  2300  lbs. 
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Sheet  Metal  JVorking  Machinery 


E.  W.  BLISS  CO. 

BROOKLYN,  N.  Y. 

LARGEST  BUILDERS  OF 

SHEET  METAL  WORKING   MACHINERY 


The  most,  complete  line  of  ma- 
chines for  sheet  metal  working  in 
the  world. 

Presses  for  every  ordinary  kind  of 
work  and  special  machines  for  un- 
usual requirements.  Drop  Forging 
machinery,  Hinge  and  Butt  ma- 
chinery, Fork  and  Spoon  machinery, 
E.xpanded  Metal  Lath  machinery. 
Shovel  machinery,  Horse  Shoe 
machinery.  Minting  machinery, 
Automobile  Parts  machinery.  Spin- 
ning Lathes,  Gang  Slitters,  Circle 
Shears,  Perforating,  Punching,  SUt- 
ting,  Shearing,  Beading,  Flanging, 
Crimping    and   Seaming  machines. 

Comi)lete  equipments  for  the 
economical  manufacture  of  Petro- 
leum and  Alcohol  Cans,  Fruit  and 
Vegetable  Cans,  (Sanitary  and 
Packers'),  Meat  Cans,  Paint  and 
Varnish  Cans,  Lard  Pails  and  Butter 
Tins,  and  all  kinds  of  Tin  Cannis- 
ters,  Boxes  and  Packages. 

Machinery  for  manufacturing  Soft 
Metal  Tubes,  Tinware,  Enamel- 
ware,  Aluminum,  and  Silverware, 
Metal  Shingles,  Metal  Ceilings, 
Sheet  Metal  Furniture,  Kitchen 
Utensils,  Kitchen  Boilers,  Oil 
Stoves,  Lamps,  etc.,  etc. 

We  are  also  equipped  for  die  work 
of  every  descri[)tion. 


Catalogues  describing  any  of  our  lines  will  be  sent  on  request 


No. 

]. 

No. 

2. 

No. 

3. 

No. 

4. 

No. 

5. 

No. 

6. 

No. 

8. 

No. 

9. 

'Bliss"   ]nclinal»l(!  Power  Presses. 

'Stiles"  Power  Punching  Presses. 

'Bliss"  Straight-i^ide  Power  Presses. 

'Bliss"  Drop  Hammers  and  Trim- 
ming Presses. 

'Bliss"  Toggle  Drawing  Presses  and 
Spinning  Lathes. 

'Bliss"  Foot  and  Screw  Pres.ses. 

'Bliss"  Double  Crank  Presses. 

'Bliss"  Maohinery  for  Manufacturing 
Tin  Cans   (Spanish). 


No. 

10. 

No. 

11. 

No. 

12. 

No. 

13. 

No. 

14. 

No. 

1.5. 

No. 

16. 

"Bliss'  Machinery  for  Manufactur- 
ing Pieced  Tinv.are. 

"Bliss"  Minting  Machinery. 

"Bliss"  Machinery  for  Manufactur- 
ing Electrical  Parts. 

"Bliss"  Drop  Forging  Machinery. 

"Bliss"  High  Speed  Automatic  Can 
Making  Machinery. 

"Bliss"  Railway  Motor  Gears  and 
Pinions. 

"Bliss"  Machinerj  for  Manufactur- 
ing Automobile  Parts. 
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Sheet  Metal  Working  Machinery 


NIACiARA   MACHINE  k  TOOL  WORKS 

BUFFALO,  N.  Y.,  U.  S.  A. 

TOOLS  AND  MACHINES  FOR  SHEET  METALS,  PRESSES  AND  PUNCHES, 
POWER  SHEARS,  TINSMITHS'  TOOLS,  FORMING  ROLLS,  DIES,  ETC. 


No.  6  Niagara  Inclinable  Power 
Press 


Our  lino  (f  tools  and  niachinos  for  working  .'^heet  motals  is  very  extensivo,  tho 
r.iachincs  hvvo  illustrated  coinprisini";  only  a  few  representative  types.  We  us(> 
nothing  l>ut  tlu»  best  of  materials,  and  the  castings  are  made  in  our  own  foundry. 
Superior  facilities  and  a  force  of  expert  workmen  enable  us  to  produce  work  of 
the  highest   class. 

Our  products  are  presented  on  their  merits  and  we  solicit  an  examination 
of  their  efficiency  and  durabilit}-. 


INCLINABLE  PRESS 

These  presses  are  unsurpassed  in  workmanship, 
convenience,  and  durability,  and  the  range  of 
work  for  which  they  are  suited  is  almost  unlim- 
ited, including  blank  cutting,  punching,  forming, 
and  combination  dies.  The  wearing  surfaces  arc 
large  and  all  parts  well  fitted. 

9  sizes  ranging  from  500  to  7300  lbs.  weight. 

PUNCHING  PRESS 

These  presses  are  adapted  to  heavy  work,  the 
design  combining  strength  and  compactness  with 
convenience  in  handling  the  work.  They  are  es- 
pecially suitable  for  i)unching  and  cutting  bars  and 
heavy  sheet  metal;  for  operating  cutting  and  form- 
ing dies  required  in  the  manufacture  of  hardware, 
cutlery,  etc. 

Five  sizes  geared. 

Five  sizes  not  geared. 

DOUBLE  CRANK  PRESS 

This  press  is  intended  for  operating  dies  cover- 
ing a  large  area  and  where  great  power  is  required. 
The  speed  is  so  regulated  that  in  some  cases  the 
operators  can  remove  and  feed  the  sheets  between 
two  strokes  without  stopping  the  motion  of  the 
shde. 

Will  take  work  up  to  13  x  SGi  inch  area. 

POWER  SQUARING  SHEARS 

This  illustration  shows  one  of  our  largest  shears 
capable  of  shearing  5-inch  sheet  steel,  with  a 
cutting  length  of  126  inches  and  a  gap  of  IS  inches. 

We  make  many  smaller  styles  and  sizes  down 
to  the  No.  10  series  intended  for  No.  22  iron  and 
lighter. 

Com'plele  Catalog  on  Request. 


No.  38  Niagara  Geared  Power 
Punching  Press 


No.   615    Niagara    Power    F>ress 
Double  Crank  Type 


Niagara  Pover  Squaring  Shear 
No.  9126 
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Pipe   Cuttnuj  and   Threading  IMachincry 


THE  CURTIS  k  Cin^TIS  COMPANY 

93  Garden  Street, 

BRIDGEPORT,  CONNECTICUT 

PIPE    CUTTING   AND    THREADING   MACHINERY 


Hand  Machine 


Power  Machine 


THE  FORBES  PATENT  PIPE  CUTTING  AND  THREADING  MACHINE 

In  ])re.scnting  this  machine  we  would  ask  j'our  attention  to  the  following  points: 

It  will  save  you  its  entire  cost  in  a  short  time,  in  time  and  hard  labor  saved. 

Our  Pipe  Machine  is  a  complete  tool,  being  all  that  is  required  to  thread  or 
cut  off  pipe. 

It  is  much  lighter  than  the  old  style  of  stock  and  the  vise  which  must  accom- 
pany it. 

It  is  less  expensive  than  the  above  combination. 

It  can  be  used  in  confined  places. 

It  is  particularly  adapted  to  trench  work. 

Its  dies  can  be  sharpened  by  grinding  without  first  drawing  temper. 

They  draw  back  out  of  the  W'ay  when  the  thr(>ad  is  cut,  yet  always  cut  standard 
sizes,  and  are  adjustable  to  any  variation  of  the  fittings. 

The  shell  can  be  adjusted  to  take  up  wear  of  gear. 

Its  dies  are  less  expensive  than  solid  dies,  and  last  much  longer. 

Any  one  die  of  a  set  can  be  replaced  when 
lost  or  worn  out  without  replacing  the  entire  set. 

Its  parts  are  interchangeable  and  can  be 
duplicated  when  worn  out,  at  a  small  cost. 

MOTOR  DRIVEN  TYPE 

This  machine  is  equipped  with  a  specially  de- 
signed Die  head  which  does  away  with  all  thumb 
screws  for  adjusting  the  dies,  which  are  now 
clamped  with  one  movement  of  a  lever;  it  has 
self-centering  vise. 

BASE.  Mounted  on  eabinct  base  with  a  motor  for  any 
current  desired  concealed  within,  and  direct  connected 
through  triple  compound  cut  spur  gears  on  machine. 

STRAINER.  In  center  of  the  pan  is  located  a  strainer 
to  separate  the  oil  from  the  chips.  It  is  thus  drained,  and 
can  be  u.sed  over  again  until  unfit  for  use. 

PUMP.  Driven  by  gears.  It  is  out  of  the  way  of  the 
operator,  and  direct  connected.      No  belts  to  annoy  you. 

GEARS.  All  are  machine  cut  and  entirely  protected 
from  clii))s  or  accidents. 

MOTOR.  Any  current  desired  concealed  in  cabinet 
base,  thus  protected  from  oil  or  dirt,  or  breakage  resulting 
from  handling  of  long  and  heavy  lengths  of  pipe  and 
fittings. 

Complete  Catalog  on  Request 


Motor  Driven  Machine 
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Screw   Cutting  Dies 


IDEAL  OPENING  DIE  COMPANY 

liEAVEll  FALLS,  PA. 
MANUFACTURERS   OF   SCREW   CUTTING   DIES 


THE  IDEAL  OPENING  DIE 

Opens  by  poiver  of  cutting  strain:  The  cutting  strain  in  all  opening  dies 
has  a  tendency  to  revolve  the  head  holding  chasers  and  not  the  cam.  It  is 
obvious  therefore  that  by  allowing  the  head  of  our  die  to  revolve,  we  con- 
vert the  cutting  strain  into  an  opening  power  instead  of  depending  on 
springs. 

Head  revolves  instead  of  cam:  The  superiority  of  this  construction 
over  dies  which  depend  on  the  life  and  variation  of  a  spring  for  their 
successful  operation,  will  be  apparent  to  every  mechanic.  Spring  actuated 
devices  are  notably  unreliable,  and  apt  to  be  out  of  order  when  most  needed. 

Faulty  alignment  overcome:  We  have  designed  in  our  die  an  equalizing 
driving  clutch  which  compensates  for  any  imperfection  in  alignment  of 
either  the  turret  or  the  material  being  threaded. 

Chasers  supported:  The  support  for  chasers  in  the  Ideal  Die  puts  an 
end  to  the  tipping  evil.  They  are  supported  by  a  hardened  cam  directly 
over  and  slightly  preceding  the  point  of  strain.  This  chaser  support 
together  with  the  equalizing  driving  clutch,  eliminates  taper  threads  and 
bad  work  generally. 

Four  chasers  instead  of  three:  The  advantage  of  four  chasers  over  three 
is  obvious.  With  four  chasers  you  have  the  cutting  points  opposite,  while 
with  three  chasers,  as  soon  as  one  chaser  becomes  dull,  it  crowds  the  metal 
between  the  other  two,  thereby  producing  work  that  is  not  round. 

Half  as  many  parts:  The  Ideal  Die  has  few  parts  and  is  easy  to  take 
apart  and  assemble. 

Detachable  Shank:  The  detachable  shank  makes  it  possible  to  use  the 
same  die  in  different  sized  machines. 

Lefl  ana  Right  Hand  Threads:  The  same  die  will  cut  either  left  or  right 
hand  threads;  the  former  by  simply  changing  index  from  right  hand  to 
left  hand,  and  using  left  hand  chasers. 


Size 

K  inch 

14  inch 

%  inch 

1  inch 

1}4  inch 

Diameter  of  head 

Length  of  head 

Diameter  of  shank 

Length  of  shank 

Length  oxer  all 

lliin. 
l^s  in. 
Vi  or  H  in. 
2  in. 
3H  in. 
■hioli  in. 
4 
$25.00 
4.00 
1.25 
2.00 
1.00 

2]4in. 
V/s  in. 
Vs  or  H  in. 
214  in. 
iVs  in. 
1  to  li  in. 
4 
$30.00 
5.00 
1.50 
2.50 
1.00 

2Hin. 
2y2  in. 
\H  or  VAin. 
3  in. 
5V^  in. 
li  to  M  in. 
4 
$40.00 
6.00 
2.00 
3.00 
1.00 

3Ain. 

2%  in. 
VAorlUin. 
4  in. 
634  in. 
?i  to  1  in. 
4 
$50.00 
7.00 
2.50 
3.50 
1.00 

4iiin. 

3J^in. 

IH  or  2U  in. 

Hi  in. 

7M  in. 

Yi  to  Mi  in. 

4 

With  1  set  of  chasers 

Extra  shanhs,  each 

Standard  chasers  per  set 
Special  chasers  per  set.. 
H.  S.  Steel  Extra 

$65.00 
8.00 
3.00 
4.00 
1.00 

One  .set  of  Standard  pitch  chasers,  either  U.  S.  V.  or  Whitworth,  right  or  left  hand  furnished 
with  die. 

For  sizes  desired  not  listed  in  table  above  send  specifications. 
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Dies,   Chucks,   Gri rulers 


MODERN  TOOL  COMPANY 

ERIE,  PA.,  U.  S.  A. 

SELF-OPENING  DIE  HEADS.  ADJUSTABLE  SOLID  DIES,  TAP  AND  DIE  HOLDERS 

CHASER  GRINDERS,  FRICTION  AND  POSITIVE  DRIVE  MAGIC  CHUCKS 

TAPPING  ATTACHMENTS  AND  MODERN  GRINDING  MACHINES 

MAKERS    OF    SPECIAL    TOOLS    AND    FIXTURES 


"MODERN"  SELF  OPENING  DIES 

The  advantages  of  the  "Modern"  Die 

are  many.    The  Die  opens  automatically 

when  the  thread  is  cut.    No  reversing  of 

the  machine.     The  return  is  2^^^  to  i. 

No  danger  of  injuring  either  the  thread 

or  Die.     50%  to  80%  in  time  and  wear 

,  ,  ^       I     r^  •  I       'Tu  Modern"  Self  Opening  Die 

to  belts  and  countershaft  is  saved.     1  he 

"  Modern"  is  the  one  Die  having  a  steel  cam  to  hold  Chasers  in  place  directly 
over  point  of  duty,  making  it  impossible  for  Chasers  to  bell  at  the  mouth  and  pre- 
venting irregular  or  taper  thread.  When  a  large  amount  of  stock  is  to  be  removed 
or  precision  required,  a  roughing  and  finishing  attachment  will  be  furnished. 

"Modern"Chasers  are  all  cut  on  a  hob 
and  are  made  either  of  carbon  or  high 
speed  steel. 

"MAGIC"  CHUCK  EQUIPMENT 

For  the  rapid  changing  of  tools  in 
drill  press,  lathe,  screw  machine,  etc., 
without  stopping  the  machine,  practi- 
cally converting  a  single  spindle  machine 
into  a  multiple  spindle  one,  with  as  many 
tools  as  you  may  have  operations.  Try 
it  and  save  labor  cost.  Magic"  Chuck  and  Collets 

"MODERN"  GRINDING  MACHINES 

Much  unnecessary  weight  is  eliminated  and  perfect  rigidity  and  freedom  from 
vibration  secured  by  the  scientific  distribution  of  material  in  "Modern"  Grinding 
Machines.  Generous  bearings  for  all  moving  parts  reduces  the  possibility  of 
wearing  and  prevents  abso- 
lutely all  chatter.  Centraliza- 
tion of  working  parts  secures 
perfect  transmission  of  power 
to  the  working  point.  Acces- 
sibility of  the  working  parts 
for  care  and  attention  by  the 
operator  makes  minimum  loss 
of  use,  cost  of  up-keep  and  de- 
preciation. Improved  opera- 
tive features  insure  large  pro- 
duction and  precision  work. 

"Modern"  Grinding  Machine 

ALL  "MODERN"  TOOLS  GUARANTEED  TO  BE  SATISFACTORY 

TO  THE  USER 
Complete  information  concerning  products  will  be  mailed  interested  parties 
upon  request. 
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Bolts  and  Nuts 


RUSSELL,  BUllDSALL  AND  WARD 
BOLT  AND  NUT  COMPANY 

PORT  CHESTER,  N.  Y.  ROCK  FALLS,  ILL 

BOLTS  AND  NUTS 


Carriage  Bolts 
Machine  Bolts 
f'oiiijlins  Bolts 
Stud  Bolts 
Tap  Bolts 

Plow  and  Cultivator 
Bolts 


Manufactuieis  of 
All  kinds  of 

Stove  Bolts 

Tire  Bolts 

Rivets  and  Special  Bolts 
of  all  descriptions 

Cold  Punched,  Chamfer- 
ed and  Trimmed  Hexa- 
gon and  Square  Nuts 


A.L.A.M.  Plain  and  Cas- 
tellated Nuts 

Master  Mechanics'  Cas- 
tle Nuts 

Semi-finished,  Full  Fin- 
ished and  Case  Hard- 
ened Nuts 


Our  Trade  Mark: 

"EMPIRE" 

signifies  a  certain  standard  of  excellence  that  invites  your  investigation. 
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Bolts  and  Nuts 


RHODE  ISLAND  TOOL  COMPANY 

PROVIDENCE,    RHODE  ISLAND 

Estahlishr,!  1S34 


COLD  PUNCHED,  CHAMFERED,  TRIMMED  AND  DRILLED  SQUARE  AND  HEXAGON 
NUTS;  SEMI-FINISHED,  (TAPPED  AND  FACED)  NUTS;  FINISHED  CASE  HARDENED 
NUTS;  CASTLE  NUTS;  MACHINE  BOLTS;  TAP  BOLTS,  ROUGH  AND  MILLED;  COUP- 
LING BOLTS;  CAP  AND  SET  SCREWS;  LARGE  HEAD  CAP  SCREWS;  STUDS,  ROUGH 
AND  MILLED;  CHAIN  LINKS;  WASHERS;  PRESS  WORK;  FORGINGS;  EYE  BOLTS; 
TURN  BUCKLES;  WRENCHES;  SCREW  MACHINE  PRODUCTS. 


We  are  particularly  fitted  to  furnish  Screw  Machine  Work  and  Special 

Bolts  and  Nuts. 


Chamfered,  Trimmed,   and  Drilled  Nuts  are  made  by  cold 
punching  special  niaterial  and  have  smoothly  trimmed  sides. 


*|      They  are  made  Square   and   Hexagon   and   can   be  furnished 
tapped,  if  desired. 


Semi-Finished  Nuts  are  the  same  as  the  above,  tapped  and 
faced  with  washer  finish  on  the  bottom. 


Finished  and  Case  Hardened  Nuts  are  finished  all  over  with 
round  top  and  then  case  hardened,  giving  a  mottled  effect. 


Castle  Nuts  are  semi-finished  with  three  slots  across  the  toji  for 
cotter  pins. 


68 


Bolts  and  Nuts 


RHODE   ISLAND  TOOL  COMPANY 


Machine  Bolts  are  furnished  with  Square  or 
Hexagon  Heads  and  Square  or  Hexagon  Nuts. 
Interchangeability  is  an  important  factor  and  this 
is  guaranteed  on  all  bolts. 


Studs  are  made  Rough  or  Milled.  The  ma- 
terial from  which  these  are  made  is  especially 
adapted  for  this  work  and  was  obtained  after 
exhaustive  tests.  It  is  uniform  in  quality  and 
its  physical  properties  give  it  the  strength  and 
toughness  which  are  so  essential  in  this  class  of 
material. 


Set  Screws  and  Cap  Screws  are  made  of  special 
screw  stock  and  particular  attention  is  given  to  finish. 
Round  or  Cup  Point  Set  Screws  and  Hexagon  Head 
Cap  Screws  are  carried  in  stock  in  large  quantities." 


Large  Head  Cap  Screws  are  also  carried  in  stock. 
These  screws  have  a  head  which  is  United  States 
Standard  in  size  giving  a  greater  bearing  surface. 
This  size  of  head  also  fits  a  Standard  Wrench. 


Machinists'  Wrenches,  Single,  Double 
End  and  Set  Screw  are  furnished  with 
milled  openings,  semi-finished  or  finished 
and  case  hardened.  The  Semi-Finished 
Wrench  is  made  with  milled  openings  and 
case  hardened  with  the  heads  polished. 
Special  Wrenches  can  be  made  to  advan- 
tage if  blueprints  are  submitted. 


Drop  Forgings  are  made  to  samples  or  prints  and 
j)rices  will  be  quoted  upon  request. 


All  of  the  above  articles  are  fully  set  forth  in  catalogue  showing  lists  and 
complete  fine  of  products  and  will  be  mailed  to  any  one  interested. 
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Bolts  and  Screws 


AMERICAN  SCREW  COMPANY 

I'ROVIDENCE,   R.    I. 

MAKERS    OF    WOOD     SCREWS,    MACHINE    SCREWS,    STOVE    BOLTS.    TIRE    BOLTS, 

RIVETS,   ETC. 


Drive  Screw  Round  Head 


WOOD  SCREWS 

Flat  and  Round  Head  Wood  Screws 
are  regularly  made  in  Iron  in  the  fol- 
lowing sizes,  and  in  Brass  in  sizes  of 
approximately  the  same  variety ;  other 
kinds  of  Wood  Screws  are  made  in  the 
sizes  commonly  used. 


Length 

i 

I 

\ 

{ 

1 

J 

1 

li 

U 

li 

Min.  Dia. .. 

0 

0 

1 

1 

2 

2 

3 

3 

3 

5 

Max.  Dla... 

4 

9 

12 

14 

16 

16 

20 

24 

24 

24 

Length 

2 

2i 

2i 

21 

3 

3i 

4 

4J 

5 

6 

Mln.Dla... 

5 

5 

5 

6 

6 

8 

8 

12 

12 

12 

Max.  Dia... 

24 

24 

24 

24 

26 

26 

30 

30 

30 

30 

Intermediate  diameters  advance  as  follows: 
11   12  13  14  15  16  17  18  20  22  24  26  28  30 


No.  0  1  2  3  4  5  6  7  8  9  10 


MACHINE  SCREWS 

Flat,  Round,  and  Fillister  Head  Machine  Screws  are  regularly  made  in  Iron 
in  the  following  sizes,  and  in  Brass  in  sizes  of  approximately  the  same  variety: 


Length 

_!. 

i 

A 

! 

A 

h 

T6 

1 

1 

J 

1 

U 

li 

H 

U 

Min.  Dia.  . 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

4 

4 

4 

4 

4 

Max.  Dia... 

10 

14 

16 

24 

24 

24 

24 

26 

34 

34 

34 

34 

34 

34 

34 

Length 

1! 
.   6 

2 
6 

2i 
8 

2\ 

8 

8 

3 

8 

10 

3J 
10 

31 

4 

4i 
12 

4^ 
14 

5 

14 

6 
16 

Min.  Dla... 

12 

12 

Max.  Dia... 

.  34 

34 

34 

34 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

Intermediate  diameters  advance  as  follow.?:     No.  2  3  4  5  6  7  8  9  10  12  14  16  18  20  22  24  26  28  30  34 
Flat  Head  Round  Head  Fillister  Head 


Diameter  No 

Threads  per  in.  48.56.64  48.56 

16.18  20  22 

16.18.20  16.18 


32.36.40    30.32.36    30.32    30.32.36    24.30.32    20.24    18.20.24 

24  26.28.30  34 

14.16.18        14.16  13 


Regular  Side  Knob  Screws 


are  |  inch  No.  9,  24  thread. 


See  also  next  page. 
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Bolts  and  Rivets 


AMERICAN  SCREW  COMPANY 


Flat  Head 


STOVE  BOLTS 


Round  Head 


i 

A 

3 

h 

i 

1 

I 

1 

6h 

6^ 

ei 

3 

Flat  and  Round  Head  Iron  Stove  Bolts  are  regularly  made  in  the  following 
sizes: 

Diameter J         A        A        A 

Mln.  Length t         f         I  i 

Max.  Length 2         2        6^        6^ 

The  length  advancesby  eighths  of  an  inch  from  f  to  \,  then  by  quarters  to  6^. 

STOVE  RODS 
Stove  Rods  are  the  same  as  Stove  Bolts  in  every  respect  excepting  length. 
They  are  regularly  made  in  Iron  of  tV  and  \  diameter  in  length  from  7  to  40," 
advancing  by  halves  of  an  inch. 

RIVETS 

Round 
Head 


Cold-headed  Rivets  are  made  in  great  variety  of  styles  and  sizes  up  to  A  in 
diameter  and  6  in  length. 

MEASUREMENTS 

The  length  includes  the  head  of  Flat  Head  Screws,  Stove  Bolts,  and  Stove 
Rods ;  excludes  the  head  of  Round  and  Fillister  Head  Machine  Screws  and  Round 
Head  Stove  Bolts  and  Stove  Rods;  includes  the  countersink  of  Oval  Head 
Screws  and  about  half  the  head  of  Round  Head  Wood  Screws,  but  the  practice 
with  regard  to  Round  Head  Wood  Screws  is  not  uniform  with  all  makers. 

The  length  of  Rivets  is  exclusive  of  the  head  for  all  styles  with  a  right  angle 
under  the  head,  and  inclusive  of  the  countersink  for  countersunk  heads. 

The  diameter  of  Screws  is  measured  by  the  American  Screw  Gauge,  the  equiv- 
alent in  inches  being: 

0  .0578  5  .1236  10  .1894  15  .2552  22  .3474 

1  .0710  6  .1368  11  .2026  16  .2684  24  .3737 

2  .0842  7  .1500  12  .2158  17  .2816  26  .4000 

3  .0973  8  .1631  13  .2289  18  .2947  28  .4263 

4  .1105  9  .1763  14  .2421  20  .3210  30  .4526 

34  .5053 

The  diameter  of  Rivets  is  measured  by  the  Old  Standard  Birmingham 
Wire  Gauge,  the  equivalent  in  inches  being: 


000  .425 
00    .380 

0  .340 

1  .300 


.284 
.259 
.238 
.220 


.203 
.180 
.165 
.148 


10 

.134 

11 

.120 

12 

.109 

13 

.095 

14  .083 

15  .072 

16  .065 

17  .058 

18  .049 


See  also  preceding  page. 
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Oil  Hole   Covers  and  Cups 


W.  D.  k  C.  F.  TUCKER 

HARTFORD,  CONN. 
LUBRICATING  DEVICES 


TUCKER'S  TWO-PIECE  OIL  HOLE  COVERS  AND  CUPS 


Style  A  


Special  Lengths  and  Threads  to  Order 


Size  of 
Boclv 


No.  00. 

No.  0. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  4. 

No.  5. 

No.  5. 


Size  of 
Thread 
A  X  40 
10  X  32 
]i  X  32 
A  X  32 
%  X  24 
A  X  24 
Ys  in.  pipe 
H  X  24 
M  in.  pipe 


Diaiiietci 
of  Head 


Price 
Weiglit  Niekel  Plated 
Per  100 


'iVr  100 
li  lbs. 
Vi  lbs. 

M     lbs. 

Hi  lbs. 

VA  lbs. 

2M  lbs. 

3  lbs. 

4  lbs. 
4}i  lbs. 


%  7.00 
7.00 
7.00 
9.50 
10.70 
12.50 
12.50 
16.00 
IS.  00 


Made  like  a 
valve.  Oil  tight. 
Largest  re.servoir, 
size  for  size,  of 
any  oil  hole  cov- 
ers on  the  market. 
Superior  in  style, 
finish,  utility  and 
uniformity.  Sam- 
ples are  our  selling 
agents.  Prices 
subject  to  dis- 
count. 


SELF-CLOSING  ROTARY  HEAD— STYLE  B. 


No.  3. 
No.  4. 
No.  5. 

No.  5. 


Size  of 
Head 


Vs  in. 
H  in. 


Size  of 
Thread 
M  in.  32  pi. 
rs  in.  32  pi. 
Jg  in.  24  pi. 
J-s  in.  pipe 


Weight 
Per  100 
\H  lbs. 
2\i  lbs. 
4?i  lbs. 
5       lbs. 


Nickel  Plated 
Price 
Per  100 
$12.50 
15.00 
18.00 
18,00 


An  Oil  Hole  Cover  with  self-closing  port  on  the  side.  Head  rotates,  placing 
])oit  in  handiest  position  to  lubricate.  A  cup  designtxl  for  the  operator  that 
never  shuts  a  door  or  pulls  the  plug  in  a  wash  basin  costs  more  than  style  A  on 
this  account.    Taps  for  all  sizes  carried  in  stock. 

Sample  and  discount  mailed  on  application. 

Send  for  Blue  Print  Dimension  Chart 
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Oil  Hole   Covers  and  Cups 


W.  D.  cV  C.  F.  TUCKER 

HARTFORD,  (X)NN. 


TUCKER'S  SELF-CLOSING  TOP  OILERS— STYLE  C 


2  3  3  Special 

Special  sizes  and  pitches  of  threads  made  to  order  from  sketches, 
(juantity  making  the  price.  Samples  sent  on  request.  Useful  in 
unhandy  places  with  snout  of  oil  can. 


Size  of 

Thread 

No. 

1. 

li,  in.  pipe 

No. 

1. 

K  in.  X  24  pi 

Xo. 

2. 

^  X  24  pi. 

Xo. 

2. 

Ys  in.  pipe 

Xo. 

3. 

A  in.  24  pi. 

Xo. 

3. 

Vs  in-  pipe 

Xo. 

3.  spec. 

}4  in.  pipe 

Xo. 

4. 

li  in.  32  pi. 

Xo. 

4. 

A  in.  32  pi. 

Xo. 

5. 

A  in.  32  pi. 

Xo. 

fj. 

}i  in.  32  pi. 

Xo 

7. 

I4  in.  32  pi. 

Size  of 
Hexagon 

5  s  in- 
Js  in. 
M  in. 
1^2  in. 
V2  in. 
J2  in. 
A  in. 
%  in. 
Ys  in. 
Ys  in. 
A  in. 
A  in. 


Weight 
Per  100 
4}'<  lbs. 
4J^  lbs. 
2Y2  lbs. 
2y2  lbs. 
2M  lbs. 
2M  lbs. 
IM  lbs. 
1}^  lbs. 
lYi  lbs. 

Ji  lbs. 
1       lbs. 

Y.  lbs. 


Nickel  Plated 

Per  100 

$20.00 

20.00 

15.00 

15.00 

12.00 

12.00 

11 .  00 

8.00 

8.00 

6.00 

7.00 

5.50 


TUCKER'S  POSITIVE  LOCK  COMPRESSION  GREASE  CUP 


List  Prices  subject  to  Discount 


Fitted  with  a 
barrel  lock.  No 
si)rings  and  wash- 
er.-<  to  depress  when 
feeding  the  lubric- 
ant. Made  to  gage 
limits  of  .002  inch 
on  fit  of  thread. 


Patented  Jan.  11,  1910 

Cap  member  has  internally  milled  threads.    Base  member  sized  with  hand  die. 

We  are  prepared  to  furnish  the  cap  member  from  pressed  brass  with  milled 
threads  in  three  size.s—f"-000,  l"-00,  0-U".  All  with  24  pitch  thread,  U.S.  form. 
Send  for  Blue  P>rint  Dimension  Chart 
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Shank  Pipe  Thread, 

Inches 
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Ounces 

M 

^  0 

Ys 

Plain  Brass,  each 

•SO .  90 

.?1.10 

SI. 35 

Polished,  each 

1.05 

1.25 

1.50 

Nickel  Plated,  each 

1.20 

1.40 

1.70 

Gas  Furnaces 


AMERICAN  GAS  FURNACE  COMPANY 

Established  1879— Incorporated  1887 

21  JOHN  STREET  -  -  NEW  YORK 

GAS  ENGINEERS   AND   MANUFACTURERS 


SPECIALTIES 


THE   AUTOMATIC   HEAT   CONTROLLER 

Positively  regulate.s  licat  with  no  greater  variation  than  5°  Fahrenheit. 

GAS   BLAST   FURNACES 

For  all  Industrial  Heating  Processes. 

HEATING   MACHINES 

For  the  automatic  transmission  of  work  through  properly  heated  space. 

BURNERS   AND   BLOW   PIPES 

Of  great  variety  and  novel  design. 

CASE   HARDENING   MACHINES 

Carljonizing  by  gas  instead  of  solid  carbon. 

ROTATING   RETORTS,  Sealed 

For  Annealing,  Hardening,  Tempering  or  Coloring  steel  work. 

ROTARY  PRESSURE   BLOWERS 

Indispensable  for  proper  Gas  Combustion. 

CATALOGUES   AND   DESCRIPTIVE   PAMPHLETS 

On  application. 

THE  USES  OF  GAS  in  Mechanical  Heating  Processes  are  only  BEGINNING 
TO  BE  APPRECLATED.  IT  PAYS  TO  CONSULT  US,  who  are  the  Pioneers 
in  that  line. 
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Oil  Fuel  Burners  and  Kerosene   Torches 


HAUCK  MANUFACTURING  COMPANY 

140  Livingston  St.,  BROOKLYN,  N.  Y. 
"HAUCK"  PATENT  OIL  FUEL  BURNERS  AND   KEROSENE   TORCHES 

THIS  CUT  SHOWS  HAUCK  PAT- 
ENT INDEPENDENT  SELF-CON- 
TAINED TYPE  OIL  BURNER  OUTFIT, 
FOR  KEROSENE  OIL  ONLY,  This 
outfit  consists  of  the  seamless  steel  tank, 
eciviipped  with  hand  air  pump,  gauge, 
all  the  fittings,  12'  oil  hose,  and  the 
patented  burner,  with  regulating  valves, 
special  oil  needle  valve  strainer,  all  com- 
plete, ready  for  use. 

This  outfit  is  designed  for  field  and 
shop  work,  wh(>re  compressed  au'  is  not 
available  or  convenient  for  use.  Flame 
is  easily  regulated  and  always  under  the 
control  of  the  operator.  Burner  oper- 
ates approximately  for  two  hours,  with 
single  pumping  of  about  five  (5)  min- 
utes. 

Hauck  patent  compressed  air  style  outfits  are  made  for  use  under  any  air 
pn^^sure  up  to  100  jjounds  or  more,  with  any  grade  fuel  or  crude  oil. 

HAUCK  PATENT  PORTABLE  OIL  FUEL  BURNERS  are  invaluable  for 
service  in  Boiler  Shops,  Machine  Shops,  Coppersmith  Shops,  Foundries,  Forge 
Shops,   Railwai/  Shops,  Shipyards,  and  for  structural  joork. 

They  produce  an  intense  heat  which  can  be  applied  at  any  desired  point 
without  unnecessarily  heating  adjacent  parts.  For  welding  or  straightening 
broken  or  bent  locomotive  frames,  straightening  out  damaged  steel  platework, 
a'.id  for  preheating  preparatory  to  any  welding  process,  their  worth  has  been 
proved  by  the  largest  manufacturing  firms  in  the  country. 

These  burners  are  the  most  powerful  on  the  market  and  absolutely  reliable. 

The  price  of  a  burner  may  often  be  saA^ed  on  a  single  job. 


Independent  Self  Contained  Type 


KEROSENE  TORCH 


SPECIAL  FURNACE  BURNERS 


For  light  brazing,  wiping  joints  and 
similar  heating  opei'ations,  this  portable 
blow  torch  is  very  efficient,  producing  an 
intense  clear  flame. 

It  is  more  suitable  for  general  shop  work 
than  the  dangerous  gasolene  torch. 

Used  largely  in  foundries  and  machine 
shops  for  drying  out  moulds,  etc. 

One  Hauck  Torch  will  equal  the  work 
of  four  gasolene  torches. 

Complete  Catalogs  on 
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This  illustration  shows  a 
Hauck  Furnace  Burner  operated 
with  compressed  air  or  steam, 
and  any  grade  of  fuel  oil.  Es- 
pecially suitable  for  attaching  to 
boilers  and  furnaces. 

We  guarantee  Hauck  Burners 
to  use  less  fuel  and  to  give  better 
results  than  any  other  make  on 
the  market, 
request. 
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THE  FALK  COMPANY 

MILWAUKEE,     WISCONSIN 

MANUFACTURERS    OF    PRECISION    HERRINGBONE    GEARS 
WITH    STAGGERED    TEETH 

(Wuest  Patents) 


We  manufacture  a  comi)lete  interchangeable  system  of  herringbone  gears, 
w  ith  teeth  generated  on  special  machines,  designed  and  built  exclusively  for  our 
own  use. 

The  gears  wliich  we  jiroduce  are  hoblx'd,  both  sides  at  once,  in  solid  blanks. 

The  Wuest  System  of  staggered  teeth, 
besides  giving  the  maximum  contact 
surface  for  a  given  width  of  face,  is  in- 
valuable' in  securing  unbroken  conti- 
nuity of  engagement  when  using  higli 
ratio  pinions  with  very  few  teeth. 

Other  distinctive  features: — ■ 
Highest  attainable  accuracy. 


Involute  tooth  form  on  circumferen- 
tial section. 


Invariable  spiral  angle. 

Perfect  interchangeability. 

Equal  efficiency  in  both  directions. 


Wuest  herringbone  gears  transmit 
])ower  by  smooth,  continuous  action 
without  jar,  shock  or  vibration. 

They  are  almost  noiseless. 

They  can  be  used  for  extremely  high 

single  gear  ratios.     In   this   connection 

we  make  a  specialty  of  forged  pinions 

in  one  piece  with  their  shafts.     Ratios 

of  15  to  1  are  quite  normal  and  20  to  1 

Fig.  1  may   be  used  when  necessary.     Wuest 

gears  can  be  run  with  safety  at  far  higher  velocities  than  the  spur  type.     Special 

g(>ars  for  use  in  connection  with  steam  turbines  are  suitable  for  speeds  up  to 

7000  feet  per  minute. 

Referring  to  the  illustrations,  Figure  One  shows  a  combined  Steel  Gear  and 
Clutch  Drum  for  double  drum  hoist  at  a  Michigan  Iron  Mine. 

The  steel  gear  rings  and  solid  forged  pinions  in  Figure  Two  represent  a  type 
of  high  ratio  drive  adapted  for  use  with  conical  and  straight  tube  mills. 

Figure  Three  shows  the  type  used  for  steam  turbine  and  high  velocity  work, 
with  fine  pitch  and  relatively  wide  face. 
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THE  FALK  COMPANY 

MILWAUKEE,     WISCONSIN 

MANUFACTURERS   OF   PRECISION  HERRINGBONE   GEARS 
WITH  STAGGERED  TEETH 

(Wuest  Patents) 


Fig.  2 

SPECIAL   ADVANTAGES 
Long  life. 

High  efficiency  (loss  never  exceeds  1%  at  rated  load). 
Elimination  of  countershafts  and  double-gear  trains. 

Absence  of  vibration  with  prevention  of  shaft-crystallization  and  breakdown 
of  motor  insulation. 

Quiet  action  with  durable  steel  pinions. 


The  range  of  application  for  Wuest  herringbone  gears  covers  every  case  where 
spur  gears  are  used  and  many  new  fields  where  spur  gears  are  impossible. 


Specially  adapted  for 
Marine  Steam  Turbines. 
Turbo-Generators. 
Turbine-driven  centrifugal  pumps, 

mills  and  shafting. 
Rolling  Mills  and  Rod  Mills. 
Tube  Mills  and  Crushing  Plant. 
Power  Pumps. 

.\ir  Compressors  and  Blowers. 
Hoisting,  Elevating  and  Conveving 

Plant. 
Rubber  Machinery. 
Machine  Tools. 


Fig.  3 


Drop  Forgings 


J.  H.  WILLIAMS  k  CO. 

BROOKLYN,  N.  Y. 

SECURE  THE  1912  HAND  BOOK  OF 

SUPERIOR  DROP-FORGINGS 


The  pocket  size  book  will  not  only  show  you  the  latest  standard  prices  of  our 
many  drop-forged  stock  tools  and  accessories,  but  should  convince  you  of  our 
ability  to  take  care  of  such  "made  to  order"  pieces  as  you  may  require  in  con- 
nection with  yoiu'  business  affiliations. 

It  will  prove  a  handy  reference 

book  to    you  for   anything  in 

Superior  Drop-forgings! 

Among  the  new  lines  of  Drop-forged  tools  you  will  notice  that  the  "Vulcan" 
Safety  Lathe  Dogs  are  so  constructed  that  all  danger  from  sleeve  contact  has 
been  eliminated. 

The  new  "Agrippa"  Clamps  present  unusual  features  at  same  price  custom- 
arily paid  for  the  cast  steel  product.  The  drop-forged  "Agrippa"  Clamps  are 
lighter,  stronger,  have  greater  utility  and  will  accomplish  everything  possible 
with  the  heaviest  form  of  cast  steel  product. 

Moreover,  you  will  find  interest  in  a  number  of  other  tools  which  possess  points 
of  m(>rit  and  convenience  unique  to  themselves;  secure  the  book! 
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STEEL  CAR  FORGE  COMPANY 

FORGING   SPECIALISTS 

General  Offices 

FRICK  BUILDING,  PITTSBURG,  PA. 


ELLWOOD  CITY,  PA. 


Works 
BUTLER,  PA. 


HAMMOND,  IND. 


Branch  Offices 

170  Broadway,  New  York  City 
1608  Fisher  Building,  Chicago,  lU. 

Representatives 

F.  A.  Barbe}^,  Boston,  Mass.  R.  R.  Hammond  &  Company,  Phila.,  Pa. 

R.  E.  Pilson,  Washington,  D.  C.  Adreon  Manufactm-ing  Co.,  St.Louis,  Mo. 

Rank  ct  Goodell,  St.  Paul,  Minn.  H.  D.  Cushman  Co.,  Cleveland,  Ohio. 

Pierson,  Roeding  &  Co.,  Pacific  Coast 


We  manufacture  a  full  line  of  iron  and  steel  forgings  for  standard  work,  such 
as  freight  cars — also  for  special  purposes  where  castings  do  not  give  sufficient 
strength,  having  designed  many  forged  parts  replacing  castings. 

Om'  equipment  enables  us  to  furnish  to  advantage  drop  forgings,  bulldozer  or 
l)ending  work,  upset  forgings,  welding,  punching,  shearing,  eye  bending,  hooks, 
etc. 

Drop  Forged  Jaw 
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Correspondence  solicited 
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Extruded  Metals 


THE  AMERICAN  BRASS  COMPANY 
THE  COE  BRASS  BRANCH 

ANSONIA,  CONN 
EXTRUDED  METALS 


The  word  "extrusion"  accurately  describes  the  operation  by  which  the  various 
sections  are  formed. 

A  billet  of  brass  is  first  cast  of  a  convenient  size  and  suitable  composition  for 
the  purpose  intended.  This  billet  is  re-heated  until  it  is  of  a  plastic  consistency, 
and  then,  by  means  of  a  small  crane,  it  is  placed  within  a  very  strons;  horizontal 
cylinder  or  "container,"  at  the  front  end  of  which  is  the  die.  Upon  hydraulic  pres- 
sure being  applied  at  the  rear  end  of  the  container  the  plastic  metal  is  forced  or 
squirted  through  the  die,  issuing  therefrom  in  a  long  bar  having  a  cross-section 
corresponding  to  the  hole  pierced  in  the  die. 

The  very  high  pressure  (oftentimes  as  high  as  60,000  pounds  to  the  square  inch) 
to  which  the  semi-plastic  metal  is  thus  subjected  gives  it  increased  density  and 
renders  it  ptTfectly  homogenous  and  free  from  possible  casting  defects.  The  bars 
produced  by  this  process  have  a  gr(>ater  strength  and  tenacity  than  those  made  by 
rolling  or  other  cold  working  methods,  and  for  special  purposes  alloys  are  made 
having  the  requisite  strength  and  elongation  for  work  demanding  the  strength 
of  good  quality  steel.  It  is  also  obvious  that  sections  which  cannot  possibly  be 
rolled  or  drawn  can  be  made  by  the  Extrusion  Process  with  great  accuracy. 

In  addition  to  bars  or  rods  of  irregular  cross  section,  all  stock  sizes  of  round, 
hexagon,  square,  rectangular,  half-round,  etc.,  are  produced  suitable  for  forging 
and  all  engineering  purposes.  Alloys  used  for  tliis  purpose  are  Nickel  Bronze, 
Muntz  Metal,  and  other  special  bronzes  suitable  for  forging.  Free  cutting  brass 
rods  are  made  also  for  manufacturing  purposes.  The  alloys  used  for  making 
angles,  channels,  T-bars  and  special  shapes  for  marine  work  have  a  high  tensile 
strength  and  are  particularly  non-corrosive  in  theii-  qualities. 

A  considerable  use  that  has  been  found  for  this  metal  is  in  the  form  of  mould- 
ings for  architectural  work.  It  is  well  adapted  for  use  in  large  stores  and  office 
buildings,  railroad  stations,  residences,  etc.,  and  can  be  oxidized  to  give  it  any 
color  desu'ed. 

Extruded  mouldings  are  also  supplied  for  use  in  the  construction  of  passenger 
and  sleeping  cars,  as  the  metal  will  take  a  high  finish,  is  durable,  and  does  not 
rust  out  or  corrode  in  service.  It  is  also  largely  used  for  step  treads,  step  nosings, 
platform  bindings,  hinges,  and  door  stops,  having  taken  the  place  of  brass  cast- 
ings for  these  pui'poses.  In  fact  extruded  shapes  made  in  a  free  drilling  and  free 
milling  stock  have  superseded  castings  for  many  purposes.  The  metal  being 
perfectly  smooth  and  accurate  requires  little  if  any  machining,  and  is  utilized 
in  a  great  variety  of  manufacturing  lines,  small  pieces  being  sawed  or  milled 
from  special  shape  extruded  brass  bars  to  take  the  place  of  machined  castings. 
This  affords  an  efficient  and  economical  means  for  making  small,  intricate  parts 
such  as  cams,  dogs,  pinion  wheels,  and  various  other  parts  that  are  required  in 
the  manufacture  of  locks,  typewriters,  telephone  and  telegraph  instruments, 
switchboards  and  other  electrical  apparatus. 

The  dimensions  of  the  finished  bars  are  limited  by  the  weight  of  the  billets  used, 
and  range  in  weight  from  100  to  140  pounds.  We  are  able  to  produce  special 
shape  bars  or  rods  ranging  from  light  sections  of  about  3-S  in.  diameter  and 
weighing  a  fraction  of  a  pound  per  foot,  to  heavy  sections  5  or  6  inches  in  width 
and  weighing  many  pounds  per  foot.  It  will  thus  be  understood  that  light  sec- 
tions may  be  had  in  long  lengths  and  heavv  angles,  etc.,  in  lengths  of  from  12  to 
18  feet. 


Die  Castings 


DOEHLER  DIE-CASTING  COMPANY 


BROOKLYN,  N.  Y.,  U.  S.  A. 
DIE-CASTINGS. 


The  accompanj-ing  cuts  are  photographic 
reproductions  showing  the  sharp  outlines  and 
smooth  finish  of  our  castings.  These  die-castings 
are  made  in  steel  dies  by  our  patented  process, 
antl  re]>resent  the  modern  economical  way  of 
jjroducing  finished  parts  rather  than  by  ma- 
chining. 

Parts  heretofore  considered  machine  impos- 
sibilities become,  by  our  process,  realities.  In- 
ventions shelved  as  impractical  or  too  costly  to 
produce  become  money  makers. 

Cheaper  production  on  intricate  parts  is  not 
the  only  saving  afforded  by  this  process.  Die- 
cast  parts  are  exactly  alike,  and  absolutely 
accurate,  so  that  time  gained  in  the  assembling 
room  is  an  important  factor. 

It  is  a  foregone  conclusion,  considering  the 
expense  of  a  steel-die,  that  parts  wanted  in  small 
quantities  usually  are  not  die-casting  proposi- 
tions. Cast-iron  parts  with  little  machining  do 
not  prove  any  saving,  the  handicap  on  the  cost 
of  material  is  too  great  to  overcome  to  make  an 
attractive  showing. 

Generally  speaking,  intricate  parts  made  in 
brass  and  used  in  large  quantities  yield  the 
greatest  saving.  However,  circumstances  and 
individual  cases  differ  so  much  that  no  general 
rule  can  be  outlined  and,  therefore,  we  gladly  give 
our  advice  on  any  part  at  any  time,  or  enter  into 
correspondence  on  all  subjects  relating  to  die- 
casting  with  parties  interested  or  seeking  in- 
formation. 

The  following  is  a  brief  attempt  to  give  the 
main  characteristics  of  our  different  allo3's  and 
their  usefulness. 

"H"  metal.      Main  ingredient:    zinc. 

Very  hard,  wears  splendidly  as  a  bearing 
metal,  somewhat  brittle  against  a  blow;  com- 
pares favorably  with  cast-iron.  Will  plate  in 
any  color. 

"T"  metal.      Main  ingredient:    zinc. 

Alloyed  with  tin  and  copper,  producing  a 
pliable,  tough  metal;  compares  favorably  w^ith 
brass.     Will  plate  in  any  color. 

"L"  metal.      Main  ingredient :   lead. 

Hardened  by  tin  and  antimony.  Well  adapted 
for  parts  to  resist  steam  and  water. 

"A,"  "A"  metal.      Main  ingredient:   tin. 

A  good,  low-priced,  non-corrosive,  anti- 
friction babbitt. 

"G,"  "H"  metal.      Main  ingredient:   tin. 

A  high-class  tin  alloy,  comparatively  hard, 
non-corrosive;  produces  castings  of  high  finish 
and  sharpness:  wears  splendidly  in  bearings  for 
gas  engines.  This  alloy  gives  great  satisfaction 
on  automobile  engine  bearings. 


Die-Cast  Babbitt  Bearings  and 
Bushings. 


Automobile  Accessories. 


Ball  and  Roller  Bearing 
Retainers. 
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Grinding  Wheels 


THE  CARBORUNDUM  COMPANY 

NIAGARA    FALLS,    N.  Y. 

New    York,    Chicago,    Boston,    Pittsburg,    Philadelphia,    Cleveland,    Cineinnati,    Milwaukee, 

London,  Eng. 

MANUFACTURERS  OF  ABRASIVE  MATERIALS,  CARBORUNDUM  AND 
ALOXITE  GRINDING  WHEELS,  CARBORUNDUM  PAPER  AND  CLOTH, 
ALOXITE  CLOTH,  CARBORUNDUM  BRAND  GARNET  PAPER,  CAR- 
BORUNDUM SHARPENING  STONES 


CARBORUNDUM     GRINDING     WHEELS 

FOR  cast  iron,  brass,  bronze,  aluminiun,  general  machine  shop  work,  for  cyhndri- 
cal,  internal  or  surface  grinding  of  metals  of  low  tensile  sti'cngth,  for  grinding 
pearl,  marble,  granite  and  porcelain. 


ALOXITE     GRINDING     WHEELS 

FOR  steel  grinding,  malleable  iron,  reamers,  cutters,  drills,  planer  tools,  knife 
grinding,  cylindrical,  internal  or  surface  grinding  where  the  material  is  steel. 

Made  in  any  standard  shapes  or  sizes,  or  in  any  special  shapes  or  sizes,  subject 
to  blue  prints. 

THE     RIGHT    WHEEL     IN    THE     RIGHT    PLACE 

This  is  the  secret  of  efficient  and  economical  grinding.  Our  service  department 
is  at  your  command  to  give  you  the  benefit  of  years  of  experience  in  all  classes  of 
grinding — to  give  you  proper  wheel-right  grit,  right  grade.  Let  us  know  about 
your  grinding  conditions — there  is  a  Carborundum  or  Aloxite  wheel  to  meet  every 
grinding  condition. 


Performances — things  actually  done  by  Carborundum  and  Aloxite  wheels — 
are  the  most  convincing  arguments  in  favor  of  their  merits.  Send  for  these  il- 
lustrated records — they  are  shown  in  our  "efficiency  booklet."  Let  us  arrange 
to  send  you  a  trial  wheel.     We  can  better  your  grinding  conditions. 
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Mechanical  Felt  Goods 


N.  E.  BOOTH 

644  PACIFIC  STREET,  BROOKLYN,  N.  Y. 

MECHANICAL  FELT  GOODS  OF  ALL  KINDS 


BOOTH   FELT    WASHERS,    GASKETS,   PACKINGS,    OIL  RINGS, 
LUBRICATING  PADS,   ETC. 

Booth  is  a  specialist  in  felts  and  in  the  cutting  of  felts  for  commercial  purposes. 
He  has  a  three-story  factory  full  of  assorted  felts,  dies,  machines,  and  expert 
workmen,  and  he  has  a  system.  He  generally  ships  on  the  day  after  receiving 
an  order, — and  he  knows  how  to  cut  costs  as  well  as  felts. 

Time  was  when  the  user  made  these  articles  himself.  But  it  didn't  pay.  It 
took  too  long  to  get  the  felt.  It  cost  too  much  to  get  the  dies.  Machines  that 
were  built  for  something  else  made  awkward  business  of  the  work. 

So  Booth  stepped  in.  He  designs  his  own  machines.  He  has  shelf  upon  shelf 
of  interchangeable  dies,  all  made  by  his  own  men.  The  line  of  round  washer  dies, 
for  instance,  includes  every  size  from  ^  inch  to  24  inches.  Once  in  a  while  some 
one  comes  at  Booth  with  an  order  for  felt  cut  into  some  freak  shape.  He  hasn't 
the  dies  made  up,  but  he  has  the  facilities  for  making  them  in  a  hurry,  and  the 
bill  is  rendered  only  for  material  and  work.    It  does  not  include  the  cost  of  dies. 

Booth  makes  a  specialty  of  supplying  any  of  these  goods  in  very  small  quan- 
tities for  experimental  or  test  purposes. 

Booth  saves  time  and  money  every  day  for  a  lot  of  big  manufacturers  in  a  good 
many  lines  of  business,  and  can  do  the  same  for  you.    Ask  him  about  it. 
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Fire  Doors 


Chicago 
Boston 


ALLITH-PROUTY  COMPANY 

GENERAL  OFFICES  AND  FACTORY 

DANVILLE,  ILLINOIS 

BRANCH  OFFICES  AND  WAREHOUSES 

New  York  Philadelphia 

San  Francisco  I-os   Angeles 


Manufacturers  of 
DOOR  HANGERS     FIRE  DOOR  HARDWARE         BUILDERS'  HARDWARE 
STORE  LADDERS     MERCHANDISE  CARRIERS    FLOOR  HINGES 


AUith  hardware  is  inspected  by  the  Underwriters'  Laboratories  Incorporated, 
under  direction  of  the  National  Board  of  Fire  Underwriters. 

We  manufacture  the  largest  and  most  complete  line  of  Sliding  Door  Hardware 
suitable  for  carrying  sliding  doors  of  all  kinds,  and  call  special  attention  to  our 
round  track  hangers  for  warehouse  and  factory  doors  of  different  styles,  weights 
and  thicknesses. 

AUith  Fire  Door  Hardware  is  the  easiest  and  simplest  to  install,  strongest  and 
most  efficient,  durable  and  satisfactory  hardware  made.  Automatic  closing 
devices  are  supplied  in  various  styles  to  meet  any  requirements,  none  of  them 
interfering  with  the  free  and  easy  operation  of  doors. 

Our  Parallel  Door  Equipment  insures  perfect  movement  of  contiimous  parallel 
doors,  permitting  an  opening  at  any  place  desired,  and  is  the  only  absolutely  storm- 
proof arrangement. 

Our  Merchandise  Carriers  for  factories  and  warehouses  are  the  simplest,  strong- 
est and  easiest-running.  Made  from  the  highest  grade  malleable  iron  and  guar- 
anteed in  their  various  sizes  to  carry  safely  any  loads  from  250  pounds  to  -4000 
pounds. 

Catalogues,  detail  drawings,  specific  information  and  estimates  gladly  furnished 
on  re(|uest. 
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Skylights  and  Sash   Operating  Devices 


THE  G.  DROUVE  COMPANY 


Telpplione  Connections 
Western  Union  (^ode 


BRIDGEPORT,  CONN. 

Branch  Offices 
180  N.  Dearborn  St.,  Chicago,  111. 


"ANTI-PLUVIUS"  PUTTYLESS  SKYLIGHT  AND  SASH  OPERATING 

DEVICES 


Phantom  Cross  Section 

"ANTI-PLUVIUS"  PUTTYLESS  SKYLIGHT 

The  "Anti-Pluvius"  Skylight  is  weather-proof.  It  can  be  furnished  in  any 
tyi)e  and  will  be  found  to  be  a  permanent  construction.  The  glass  is  bedded  on 
cow-hair  felt  which  provides  a  cushion  resting  surface  to  take  up  shock,  vibration 
or  expansion  and  contraction.  The  weight  of  a  man  on  the  bridge  is  carried 
through  to  the  supporting  channels  below  without  contact  with  or  pressure  on 
the  glass.  Each  liglit  is  independent  of  every  other  and  does  not  come  in  contact 
with  metal,  thus  doing  away  with  condensation  from  sweating.  Manufacturers 
in  general  are  gradually  replacing  old  and  worn  out  skylights  with  the  "Anti- 
Pluvius,"  thereby  establishing  a  standard  and  doing  away  with  much  crackage 
and  breakage  of  glass.  Other  information  furnished  on  request,  together  with 
estimates. 

"STRAIGHT-PUSH"  SASH  OPERATOR 

The  "iStruight-Fush"  Sash  Operator  oper- 
ates any  number  of  sash  positively,  quickly, 
and  with  individual  power  applied  to  each 
sash.  A  rack  and  pinion  moving  a  line  of  f " 
pipe,  supported  by  brackets,  backwards  and 
forwards,  is  the  guiding  principle,  and  a  push 
or  pull  is  secured  instead  of  torsion. 

The  main  guide  lever-arms  are  of  \"  steel. 
The  supporting  brackets  are  formed  of  \" 
steel  with  cast-iron  spools  on  bearing  shafts 
of  phosphor  bronze.  The  operating  wheel 
has  cut-steel  gears  with  steel  shaft  controlling 
a  cut-steel  rack  and  pinion.  The  few  con- 
nections are  made  with  phosphor  bronze 
washers  between  to  prevent  these  parts  rust- 
ing together. 

A  one-man  control  gives  sufficient  power 
to  operate  lines  of  sash  100,  200  or  more  lineal 
feet. 

Full  information  on  request. 
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Straight-Push  Sash  Operator 


Tool  Steel 

THE  BRAEBURN  STEEL  COMPANY 

BRAEBURN,   PENNSYLVANIA 
"THE   TOOL   STEEL   MILL" 


GRADES  1,  2,  3 

These  grades  are  carbon  criu'ible  steels  (torresj)oiiding  in  i)roperties  respectively 
to  the  best  makes  of  standard,  extra,  and  special  tool  steel.  They  are  made  in 
all  tempers  and  each  grade  is  uniform  both  as  to  chemical  analysis  and  method 
of  manufacture  as  well  as  to  working  properties.  A  reference  to  our  catalogue 
will  give  more  information  regarding  these  steels. 

GRADE  4 

This  is  a  special  steel  for  Turning,  Planing  and  Slotting  hard  materials,  Ex- 
pensive" Cutters,  Drills,  Forming  Tools,  Taps,  Punches,  Dies,  etc.,  and  is  par- 
ticularly recommended  for  all  kinds  of  tools  where  special  endurance  is  sought 
and  where  great  strength  and  toughness  are  required.  This  steel  is  made  in  all 
tempers. 

GRADE  5 

This  is  a  very  hard  steel  made  in  one  temper  only  for  Turning,  Planing,  Slot- 
ting and  working  Chilled  Iron  or  any  other  hard  material  and  especially  for  those 
purposes  where  the  tool  has  to  carry  a  fine  edge  and  has  to  put  a  very  fine  finish 
on  the  work.  It  is  not  intended  for  tools  which  have  to  withstand  shocks  like 
the  blows  of  a  hammer  or  sledge. 

Treatment.  This  steel  should  be  given  more  time  in  heating  for  forging  and 
hardening  than  other  tempering  steels.  For  forging,  heat  slowly  and  uniformly 
to  a  bright  red,  then  forge  the  tool,  using  light  blows  as  the  heat  dies  out;  do  not 
hammer  at  a  black  heat.  For  hardening,  reheat  to  a  dark  red  and  quench  in 
warm  water. 

Use  a  wet  grindstone  in  grinding  tools  made  from  this  steel. 

GRADE  6 

This  is  an  oil  hardening  steel,  made  only  in  one  temper,  for  Milling  Cutters, 
Taps,  Reamers,  Gauges,  Hard  Steel  Bushes,  Ball  Bearings  and  other  purposes 
where  it  is  particularly  desired  there  shall  be  neither  contraction  nor  expansion 
after  hardening. 

Treatment.  For  forging,  heat  slowly  and  uniformly  to  a  bright  red,  harden 
at  a  dull  red,  about  1350  degrees  Fahrenheit  and  draw  the  temper  only  suffi- 
ciently to  relieve  the  strain.  Hardened  in  this  manner  it  is  very  tough  and  takes 
an  excellent  cutting  edge  and  practically  obviates  all  contraction  and  expansion. 

GRADE  7 

This  is  a  deep  hardening  steel  and  is  especially  recommended  for  Twist  Drills 
and  is  made  in  all  tempers. 

SELF  HARDENING 

This  is  a  special  alloy  steel  which  cannot  be  cut  or  punched  cold  but  can  be 
shaped  or  ground  on  a  stone  or  emery  wheel.  It  is  suitable  for  moderately  high 
speeds  where  great  strength  is  not  necessary. 

HIGH  SPEED  STEELS 

Made  in  two  grades  known  as  "High  Sj^eed"  and  "High  Speed  Special." 

The  HIGH  SPEED  STEEL  for  Punches,  Boring  Tools,  Straight  Drills,  Twist 
Drills,  Milling  Cutters,  Gear  Cutters,  etc.,  is  capable  of  doing  all  the  work  of 
onlinary  machine  shop  equipment  with  heavy  cuts  and  coarse  feed  at  either 
high  or  low  speed. 

The  HIGH  SPEED  SPECIAL  STEEL  is  for  purposes  similar  to  those  for 
whi(;h  the  High  Speed  Steel  is  made  but  is  adapted  more  particularly  to  cases 
where  the  service  is  unusually  severe.  We  recommend  the  use  of  this  steel  only 
where  unusual  service  is  demanded  or  where  it  is  desirable  to  use  a  tool  for  a 
considerable  length  of  time  without  re-grinding.  This  steel,  owing  to  its  superior 
quality  and  toughness,  of  course  holds  its  edge  longer  and  stands  greater  strains 
than  does  the  High  Speed  Steel,  but  its  use  is  hardly  necessary  or  economical 
except  under  unusually  severe  conditions. 

B.  T.  GRADE 

A  common  tool  steel  suitable  for  Springs,  Shafts,  Forgings,  Hammers,  Picks, 
P''orks,  Rakes,  Hoes,  Corn  Stalk  Cutters,  Cutlery,  Lawn  Mowers,  Harvesting 
Machinery,  Wedges,  Swedges,  Die  Blocks,  Cant-Hooks,  Files,  etc.,  or  wherever 
well  selected  and  carefully  worked  steel  is  used. 
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Steel 


THE  COLONIAL  STEEL  COMPANY 

PITTSBURGH,    PENNSYLVANIA 


HIGH  GRADE  STEEL 


COLONIAL  HIGH  SPEED  STEEL 

Adapted  for  (he  heaviest  cuts  or  the  highest  speeds  on  all  classes  of  material. 
Colonial  High  Speed  Steel  is  made  in  one  grade  only  and  is  capable  of  doing  any 
class  of  work  for  which  high  speed  steel  is  suited. 

COLONIAL  BEST  TOOL  STEEL,  WATER  HARDENING 

An  alloy  steel  adapted  for  fine  finishing  cuts,  such  as  forming  tools,  cutters, 
hobs,  threading  dies,  etc.;  for  brass  and  copper  lathe  tools,  and  other  i)urposes 
where  machines  are  not  equipped  to  use  high  speed  tool  steel. 

COLONIAL  NO.  7  TOOL  STEEL,  WATER  HARDENING 

A  vanadium  tool  steel  of  great  strength  and  toughness;  made  from  pure  wrought 
iron,  and  suitable  for  high-class  tools  of  all  kinds,  especially  those  subject  to 
strain  or  stress  of  any  kind  through  repeated  action  or  repeated  shock. 

COLONIAL  SPECIAL  TOOL  STEEL,  WATER  HARDENING 

A  straight  carbon  tool  steel,  made  from  pure  melting  iron.  Suitable  for  shop 
tools  of  all  kinds. 

RED  STAR  TOOL  STEEL 

Standard  grade  for  ordinary  purposes. 

RED  STAR  DRILL  STEEL 

For  rock  drilling  purposes. 

NICKEL  STEEL 

Bars  and  Billets  made  in  small  furnaces  and  carefully  melted  to  insure  homo- 
geneous steel.    Furnished  free  from  i)ipes,  seams  and  all  defects. 

30  PER  CENT  NICKEL  STEEL 

Anti-corrosive.  Used  for  valve  stems  and  parts  of  internal  combustion  engines, 
or  other  purposes  where  material  is  desired  that  will  not  rust  or  corrode. 

SHEET  STEEL 

For  knives  and  tools  of  all  kinds,  springs,  agricultural  implements,  etc. 

SOFT  CENTER  PLOW  STEEL 

Made  in  slabs  or  sheared  to  pattern,  carefully  manufactured,  and  special 
attention  given  to  the  toughness  of  center,  and  rigidly  inspected. 

FIVE  PLY  JAIL  BARS  AND  SAFE  PLATES 

Send  for  Catalog 
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Tool  Steel 


HALCOMB   STEEL   COMPANY 

SYRACUSE,  N.  Y. 


BRANCHES,  AGENCIES  AND  STOCKS  : 
Halcomb  Steel  Co.,  Syracuse,  N.  Y.  Halcomb  Steel  Co.,  Cleveland,  O. 

Halcomb  Steel  Co.,  Philadelphia,  Pa.  Haioomb  Steel  Co.,  Chicago,  111. 

Hawlcridse  Rros.  Co.,  A"ents,  Boston,  Mass. 


HIGH  SPEED  STEEL,  TOOL  STEEL,  SHEET  STEEL,  DRILL  RODS,  FINE 
WIRE,  COLD  DRAWN  STEEL  AND  SPECIAL  STEELS  OF  ALL  KINDS 


HALCOMB  SPECIAL  HIGH  SPEED  TOOL  STEEL 

This  steel  is  unsurpa.ssed  by  any  product,  foreign  or  domestic,  where  the  most 
severe  duty  is  demanded,  as  in  heavy  lathe  and  planer  work,  boring  tools,  turning 
glazed  tires,  alloy  steel  gears,  flat  and  twisted  drills.  It  is  noted  for  consistent 
uniformity  of  analysis,  and  does  not  require  fussy  treatment. 

The  risk  of  breaking  in  hardening  is  minimized  and  tools  cannot  be  ruined 
by  over-heating.  These  steels  are  also  readily  annealed  for  machining.  Cutters 
and  fragile  tools  do  not  require  a  sweating  heat  when  made  from  our  steels. 
They  retain  an  excellent  cutting  edge,  and  hence  show  high  efficiency  for  both 
roughing  and  finishing  work. 

HALCOMB  KETOS  OIL  HARDENING  TOOL  STEEL 

The  greatest  achievement  in  tool  steel  since  the  discovery  of  high  speed  steel. 
There  is  a  place  for  this  steel  in  every  shop  and  tool  room.  This  steel  neither 
expands,  contracts  nor  warps  in  hardening.  Safest  steel  ever  produced  from 
which  to  manufacture  intricate  tools,  dies,  cutters,  etc.  Think  of  making  a 
twenty-two  inch  tap  with  no  change  in  pitch  after  hardening!  Write  for  special 
booklet  on  Ketos. 

HALCOMB  SPECIAL  TOOL  STEEL 

This  steel  is  made  in  six  tempers  (varying  from  high  to  low  carbon),  to  meet 
all  tool  steel  requirements. 

For  turning,  planing,  and  slotting  hard  materials,  for  expensive  cutters,  drills, 
forming  tools,  taps,  reamers,  punches,  dies,  etc. 

Particularly  recommended  for  all  kinds  of  tools  where  special  endurance  is 
sought  and  where  great  strength  and  toughness  are  required. 

HALCOMB  EXTRA  WARRANTED  TOOL  STEEL 

This  steel  is  made  in  six  tempers  to  meet  varietl  reciuirements,  and  is  of  fine 
(luality,  suitable  for  many  kinds  of  tools,  mcluding  wood-working  bits  and  knives, 
cold  chisels,  drills,  mining  drills,  granite  tools,  lathe  and  planer  tools,  cutters, 
taps,  reamers,  dies,  shear  blades,  punches,  etc.    An  excellent  steel  for  general  use. 

OTHER  TOOL  STEELS 

Other  v/ell-known  brands  of  tool  steels  manufactured  by  this  company  are: 
"Air  Hardening  Tool  Steel"  "Double  Special  Tool  Steel" 

"Double  Extra  Tool  Steel"  "Extra  Special  Tool  Steel" 

"Peerless  Tool  Steel"  "Standard  Tool  Steel" 

Catalogues  on  request 


Alloy  Steels 

HALCOMB  STEEL   COMPANY 


PIONEER  AMERICAN  MAKERS  OF 
ELECTRIC  FURNACE  ALLOY  STEELS 

These  steels  are  chemically  pure  and  free  from  sulphur,  phosphorus  and  gases. 
They  are  completely  deoxidized,  thoroughly  melted,  homogeneous,  and  free  from 
segregation,  seams,  and  surface  defects.  They  are  easy  to  machine  and  respond 
with  certainty  to  any  definite  heat  treatment.  They  are  very  readih'  drop 
forged,  and  are  not  apt  to  be  injured  by  over-heating. 

Electric  Furnace  alloy  steels  have  wide  hardening  ranges,  so  that  uniform 
results  can  be  had  in  plants  not  equipped  with  the  latest  devices  for  controlling 
temperatiu'es.  In  resistance  to  fatigue  they  stand  from  50%  to  100%  better  than 
corresponding  compositions  made  by  other  processes. 

We  make  a  specialty  of  Alloy  Spring  Steels,  which  aje  characterized  by  greater 
strength  and  fatigue  values  than  ordinary  spring  steels.  They  thus  permit  of 
greater  fibre  stresses  without  sacrificing  present  factors  of  safety,  and  conse- 
quently make  possible  substantial  reductions  in  weight. 

These  alloy  steels  are  especially  well  suited  for  the  construction  of  machine 
tool  and  automobile  parts. 


ELECTRIC  NICKEL  STEEL 

Nickel  Steel  is  perhaps  the  most  generally  useful  of  the  alloys.  In  various 
conditions  of  thermal  treatment,  it  displays  wonderfully  good  qualities,  and  is 
well  suited  to  the  production  of  structural  parts.  It  case-hardens  well,  and  in 
machining  qualities  is  superior  to  the  usual  alloy  steels. 


CHROME  VANADIUM  STEELS 

The  manufacture  of  genuine  Crucible  or  Electric  Chrome  Vanadium  Steels 
constitutes  the  highest  attainment  of  the  steel  makers'  art.  By  the  proper 
blending  of  these  alloying  metals  and  adjustment  of  the  carbon,  we  not  only 
obtain  every  static  property  that  can  be  obtained  from  Nickel,  Chrome  Nickel, 
Silico-Manganese  or  other  alloys,  but  also  obtain  wonderfully  enhanced  dynamic 
or  antifatigue  qualities. 

In  general,  when  a  better  material  than  Nickel  Steel  is  needed,  we  unreservedly 
commend  our  Chrome  Vanadium  Steels. 


OTHER  ELECTRIC  FURNACE  ALLOY  STEELS 

The  Halcomb  Steel  Company  also  manufacture  Chrome-Nickel  Steel,  Chrome- 
Silicon  Steel,  Silico-Manganese  Steel,  and  other  alloys  to  meet  special  require- 
ments. 

COLD  DRAWN  AND  COLD  ROLLED  STEEL 

We  are  prepared  to  furnish  cold  drawn  steel  from  .007  in.  to  3  in.  diameter  in 
rounds  and  corresponding  sizes  in  squares,  flats  and  special  shapes,  exact  to  size. 


HEAT  TREATING  AND  ANNEALING 

We  are  prepared  to  furnish  any  of  our  products,  either  tool  or  alloy  steels, 
hammered  or  rolled,  in  the  form  of  billets,  bars  or  forgings,  and  unannealed, 
annealed  or  oil-tempered.  Our  heat-treating  facilities  are  unexcelled,  thoroughly 
modern  and  up-to-date  in  every  way  and  under  competent  technical  supervision. 
We  act  in  an  advisory  capacity  for  our  customers  in  reference  to  all  matters 
pertaining  to  heat-treatment  and  heat-treating  equipment,  pyrometers  etc. 


Charcoal  Iron  Products 


PARKESBURG  IRON  COMPANY 

PARKESBURG,  PENNSYLVANIA 

1023-30  Church  St.,  New  York  822  Arcade  BIdg.,  Philadelphia 

1613  Fisher  Bldg.,  Chicago 

REPRESENTATIVES: 
Arthur  C.  Harvey  Co.,  Boston  Eagleston  Parke,  Inc.,  Norfolk 

Woodward,  Wight  &  Co.,  Ltd.,  New  Orleans  H.  A.  Fuller  Iron  &  Steel  Co.,  St.  Louis 

CHARCOAL  IRON  BOILER  TUBES,  CHARCOAL  IRON  ARCH  TUBES, 
CHARCOAL  IRON  SAFE  ENDS,  CHARCOAL  IRON  SUPERHEATER  TUBES. 


Our  entire  output  consists  of  genuine  old-fashioned  charcoal  iron,  which 
resists  pitting  and  corrosion,  is  free  from  crystallization,  preserves  its  duc- 
tility and  gives  the  lowest  ultimate  cost  of  boiler  tube  installation. 

BOILER  TUBES  AND  SUPERHEATER  TUBES.  Range  of  isizes,  IJ2"  O. 
D.  to  ()"  O.  D. 

Owing  to  the  careful  attention  given  all  details,  tubes  produced  by  the  Parkcs- 
burg  Iron  Company  have  remarkably  few  blisters,  run  true  to  gauge,  and  arc 
of  so  soft  and  ductile  a  nature  that  they  bead  over  the  flue  sheet  with  the  greatest 
ease,  and  rarely  require  rerolling  after  installation. 

For  boiler  and  superheater  tubes,  charcoal  iron  is  eminently  suited.  It  is  of 
a  fibrous  nature,  and  will  not  ciystallize  under  shock  or  vibration.  It  is  ductile, 
can  be  beaded  easily  and  securely,  and  requires  little  calking.  It  is  preeminently 
weldable.     It  is  non-corrosive  and  will  not  pit. 

ARCH  TUBES. — Careful  attention  is  given  to  arch  pipe,  which  are  furnished 
from  the  ''Parkesburg  Special"  grade  of  iron  identical  with  the  former  "Allison 
Special"  which  was  favorably  known  for  arch  pipe  in  the  past.  As  on  the  quality 
of  arch  pipe  the  lives  of  engineers  and  firemen  are  dependent,  "Parkesburg 
Special"  quahty  is  recommended  as  being  the  safest  on  the  market.  The  range 
of  sizes  of  arch  pipe  and  water  grate  is  1  7-8  inches  to  4  inches,  outside  diameter, 
and  from  No.   10  B.W.G.  to  5-16  inch  thick. 

SAFE  ENDS. — The  Parkesburg  Iron  Company  has  met  with  great  success  in 
safe  ends  both  cut  to  length  and  in  random  lengths.  These  safe  ends  are  fur- 
nished of  charcoal  iron  and  if  required  to  American  Master  Mechanics  Associa- 
tion Specifications,  or  of  Solid  Swedish  Charcoal  Iron,  their  advantage  over  steel 
being  due  to  the  fact  that  they  can  be  welded  to  the  body  grade  flue  securely  and 
permanently,  thereby  avoiding  accidents  to  flues  in  service  through  failures  at 
the  weld. 

SOME  OF  THE  ADVANTAGES  OF  GENUINE  CHARCOAL  IRON  ARE 
AS  FOLLOWS: — It  is  not  easily  corroded  or  affected  bj^  electro-cliemical  action, 
being  nearly  pure  iron.  Because  of  its  homogeneous  structure,  low  manganese, 
and  the  intimate  mixture  of  cinder  surrounding  each  filament  of  iron  it  is  not 
apt  to  become  pitted. 

It  has  unusually  good  welding  qualities.  It  is  very  fibrous  and  ductile,  and 
under  test,  shows  uniformly  distributed  elongation.  It  is  not  subject  to  crystal- 
lization under  vibration  or  shock. 

Write  for  complete  catalogue. 
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Bright  Finished  Steel 


UNION  DRAWN  STEEL  COMPANY 

Works  ami  tlcncral  Office 

BEAVER  FALLS,  PA. 

Warehouses:     New  York,  Philadelphia,  Chicago,  Cincinnati. 
Branch  Sales  Offices:  Boston,  Buffalo,  Atlanta. 

MANUFACTURER  OF  BRIGHT  FINISHED  STEEL  EXCLUSIVELY  IN  ROUNDS.  SQUARES, 
HEXAGONS,  FLATS  AND  SHAPES,  SHAFTING,  SCREW  STEEL,  AXLE  STEEL,  BESSEMER, 
OPEN  HEARTH,  CRUCIBLE,  NICKEL  AND  VANADIUMS,  DRAWN-COLD  ROLLED  AND 
TURNED  STEEL. 


SPECIAL  SHAPES  OF  COLD  DRAWN  STEEL  of  any  dimen.sions  within 
our  range  and  for  all  purposes,  will  be  made  in  the  shortest  possible  time  con- 
sistent with  perfection  in  quality,  in  accordance  with  specifications  furnished, 
where  sufficient  quantity  will  justify  equipment. 

The  most  comprehensive  stock  of  Bright  and  Finished  Steel,  Rounds,  Squares, 
Hexagons  and  Flats  carried  at  our  branch  warehouses,  in  addition  to  the  large 
stock  we  carry  at  our  mill. 

We  are  the  largest  manufacturers  of  cold  finished  steel  and  iron  for  shafting 
and  various  machinery  uses. 

EstabUshed  1889,  but  rebuilt  Fireproof  Plant  and  all  new  machinery  installed, 
1911. 

SHAFTING. — We  use  only  the  best  quality  of  soft  steel  and  are  manufacturing 
under  recent  patents,  covering  machinery  and  appliances,  by  a  process  superior 
to  anything  known  for  producing  work  mathematically  accurate  as  to  size, 
absolute  straightness,  and  a  perfectly  polished  surface. 

PISTON  AND  PUMP  RODS.— For  piston  and  pump  rods  we  use  a  special 
q;rade  of  steel,  and  can  produce  them  strictly  uniform  in  size  and  quality,  highly 
poli-shed,  perfectly  straight,  and  of  lengths  up  to  60  or  70  feet. 

SCREW  STEEL. — For  this  work  we  furnish  a  special  analysis  of  steel,  which, 
after  years  of  experiment,  has  proved  best  adapted  to  free  cutting  and  threading, 
and  for  the  production  of  the  maximum  number  of  parts  in  the  minimum  of  time, 
by  the  use  of  automatic  and  hand  screw  machines  and  Turret  lathes. 

SPECIAL  STEEL. — For  the  various  places  where  special  grades  of  steel  are 
required,  our  experience  and  facilities  are  such  that  we  can  promptly  furnish 
material  best  adapted  for  the  special  requirements. 
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Tool  Steel 

WHEELOCK,  LOVEJOY  &  COMPANY 

NEW  YORK  BOSTON 

HIGH  GRADE  STEEL 

Agentis  Aiienls 

THOMAS  FIRTH  &  SONS,  LTD.,  GLOBE  WIRE  CO.,  LTD., 

SHEFFIELD,  ENG.  SHARPSBURG,  PA. 

Cutlery  and  Saw  Strd  PoKshrd  Drill  Rods,  Needle  Wire 

Drawn  Steel  in  Speeinl  Shapes 

FIRTH   STERLING   STEEL   G<)MPANV,  WEST   LEECHBURG  STEEL  COMPANY 

PITTSBURG,  PA.  PITTSBURG,   PA. 

Makers  Hiijhest  Grad''  Tool  Stei-l  Hoi  and  Cold  Rolled  Strip  Steel 

BRIGHTMAN  MFG.  CO., 
WEST  PENN  STEEL  CO.,  COLUMBUS,    OHIO 

BRACKENRIDGE,   PA.  Turned,  Ground  and  Polished 

Cold  Rolled  and  Electrical  Sheet  Steel  Shafting  and  Screw  Stock 


HY-TEN  STEEL 


This  steel  is  of  high  tensile  strength  and  elastic  limit,  especially  intended  for 
machine  tool  parts  where  good  wearing  qualities  combined  with  great  strength 
and  toughness  are  essential. 

A  complete  stock  is  carried  in  warehouses  for  prompt  shipment. 

FIRTH-STERLING  "BLUE  CHIP"  HIGH  SPEED  STEEL 

Suitable  for  Lathe  and  Planer  Tools,  Milling  Cutters,  Drills,  Reamers,  Taps, 
Cutting  and  Blanking  Dies,  etc. 

"Blue  Chip"  High  Speed  Steel  is  carried  in  stock  in  the  following  sizes  and 
shapes : 

SQUARES,  i  in.  to  f  in.  Hard  Steel  ready  for  use. 

Y6  in.  to  3  in.  Annealed. 
ROUNDS,    ^  in.  to  10  in.  Annealed. 
FLATS,  I  in.  x  |  in.  to  5|  in.  x  |  in.  Annealed. 

2'  in.  X  J  in.  to  3g  in.  x  2  in.  Annealed. 

Special  sizes  can  be  secured  promptly  from  the  mill. 


FIRTH-STERLING  TOOL  STEELS 

Other  high  grade  Firth-Sterling  Steels  carried  in  stock  by  Wheelock,  Lovejoy 
and  Company  are  in  part  as  follows: 

Firth's  Best  Tool  Steel  (Water  Hardening),  a  strictly  high  grade 
carbon  tool  steel  for  general  service. 

Firth-Sterling  tSpecial  Steel.  For  Punches,  Dies,  Chisels,  Black- 
smith Tools,  Shear  Blades,  Rivet  Snaps  and  all  Shop  Work. 

Sterling  Tool  Steel.  This  steel  is  made  to  compete  with  the 
lower  grades  on  the  market,  and  will  compare  favorably 
with  them.  Carried  in  stock  in  Rounds,  Flats,  Squares 
and  Octagons. 


ALLOY  STEELS 


To  meet  the  increased  demand  for  steels  that  are  more  effective  than  carbon 
steels,  and  of  a  different  character  from  High  Speed  Steel,  we  have  developed 
the  following  which  we  now  recomm(>nd  for  various  purposes: 

Firth-Sterling  "Extra  Special"  Steel  "C  Y  W  Choice"  Steel 

Firth-Sterling  "Double  Special"  Steel  "A  W  Special"  Steel 

"Hold  Fast"  Magnet  Steel  Firth-Sterling  Finis  Steel 

"  TOOL  STEEL  FOR  EVERY  PURPOSE " 
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Steel  Plate   Construction 


STRUTHERS- WELLS   COMPANY 

Est:ibli.slu>d  ISol 

WARREN,  PENNSYLVANIA 

N    Y.  Office,  50  Church  St 

ANYTHING  IN  STEEL  PLATE  CONSTRUCTION    FOR    BEET  SUGAR  REFINERIES 
PAPER    MILLS,   OIL   REFINERIES,    SOAP   FACTORIES,   WOOD   ALCOHOL  AND 
TURPENTINE   PLANTS,   TANKS  (FOR  STORAGE  OR  PRESSURE)  WITH 
EITHER   WELDED   OR  RIVETED  SEAMS.  PENSTOCKS,  RIVETED 
PIPE  FOR  HYDRAULIC  AND  STEAM  PRESSURE,  EXHAUST 
PIPES,     STEAM     HEADERS,    EXHAUST     HEATERS, 
BRICK  HARDENING  CYLINDERS,  GALVANIZ- 
ING   POTS,     RETORTS,     STILLS,     AGI- 
TATORS,     STEAM      PANS,     AND 
JACKETED    KETTLES 


View  of  one  corner  of  Erecting  Floor 

We  will  contract  to  furnish  specially  designed  work  in  steel  plate  from  cus- 
tomers' plans  and  .specifications,  either  completely  built  up  in  the  shop  or 
assembled,  knocked  down  and  shipped  in  sections  as  may  be  called  for. 

Our  equipment  and  experience  enable  us  to  handle  both  intricate  and  simple 
work  with  equal  ease  and  dispatch.  Our  workmanship  will  pass  the  most  rigid 
inspection. 

We  maintain  a  fully  equipped  estimating  department  at  our  shops  and  also  at 
our  New  York  Office.     This  enables  us  to  furnish  prices  promptly. 

If  you  want  a  specially  designed  piece  of  work,  send  us  your  drawings  and 
specifications, — we  have  probably  built  it  before,  or  at  least  something  very 
similar  to  it. 

Smoke  breechings,  stacks  and  air  flues  for  modern  buildings  are  right  in  our 
line. 
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Steel  Plate  Construction 


THE  PETROLEUM  IRON  WORKS  GO. 


NEW    YORK 


SHARON,  PA. 

ST.  LOUIS 


HOUSTON,    TEXAS 


FABRICATORS  AND  ERECTORS  OF  EVERY  VARIETY  OF  LIGHT  AND  HEAVY 
STEEL  PLATE  CONSTRUCTION. 

TANKAGE  FOR  ALL  PURPOSES  LARGE  OR  SMALL;  OIL  REFINERY  EQUIP- 
MENT, STAND  PIPES,  WATER  TOWERS,  SMOKE  STACKS,  PENSTOCKS, 
RIVETED  STEEL  PIPE,  BLAST  FURNACES,  HOT  METAL  LADLES,  BOILERS, 
ANNEALING  BOXES,  "LEMAN"  COUNTER  CURRENT  CONDENSERS,  "GEM" 
FUEL  OIL  BURNERS,  '•\VASHINGTON"  AUTOMATIC  OIL  AND  GAS  SEPARA- 
TORS. PORTABLE  RECEIVING  TANKS,  CAR  TANKS    ETC. 


The  Petroleum  Iron  Works  Company  is  located  on  a  property  of  forty  acres, 
situated  about  three  miles  south  of  Sharon,  Pa. 

Our  railroad  facilities  here  are  excellent,  as  the  works  have  direct  connec- 
tions with  the  New  York  Central,  the  Erie  and  the  Pennsylvania  Railway  Sys- 
tems. Our  trackage  for  receiving  and  shipping  inbound  and  outbound  freight 
is  more  than  a  mile  in  length,  thus  affording  ample  space  for  car  storage  and  ideal 
facihtios  for  making  shipments.  Car  shortages  and  delays  occurring  where  there 
is  but  one  railroad  connection  are  practically  unknown  in  this  district.  We, 
therefore,  feel  sure  the  trade  will  fully  appreciate  this  condition,  as  it  enables  us 
to  guarantee  our  promises  of  delivery  to  points  in  every  direction. 

Our  present  plant  consists  of  a  substantial  steel  structure,  fully  equipped  with 
modern  machinery,  tools  and  appliances,  which  insure  accurate  and  rapid  pro- 
duction. We  are  now  in  position  to  give  our  customers  better  satisfaction  and 
more  prompt  service  than  ever  before.  Superior  manufacturing  facilities  and 
careful  shop  inspection  will  continue  to  maintain  our  long  established  reputation 
for  high  class  work. 

It  is  difficult  to  prepare  a  catalogue  that  will  adequately  describe  and  illus- 
trate all  the  classes  of  sheet  metal  structures  and  apparatus  that  we  are  in  posi- 
tion to  furnish  and  erect.  The  illustrations  presented  are  shown  merely  as  types 
of  our  various  lines  of  work,  among  which  we  might  enumerate  the  following: 


Oil  Storage  Tanks 

(large  and  small) 
Acid  Storage  Tanks 
Water  Tanks 
Water  Softener  Tanks 
Molasses  Tanks 
Turpentine  Storage 

Tanks 
Grain  Tanks 
Tar  Tanks 
Hydro-Pneumatic 

Tanks 
Pressure  Tanks 
Filter  Tanks 
Car  Tanks  . 

Portable  Receiving    ' 

Tanks 


Railroad  Water  Service 
Tanks 

Oil  Refineries  (com- 
plete) 

"Leman"    Counter 
Current  Condensers 

"Washington"  Auto- 
matic Oil  and  Gas 
Separators 

"Gem"  Fuel  Oil  Burn- 
ers 

Riveted  Steel  Pipe 

Flumes 

Penstocks 

Blast  Furnaces  (com- 
plete) ^ 


Converters 
Hot  Metal  Ladles 
O.  H.  Furnaces 
Pulp  Digesters 
Galvanizing  Kettles 
Creosoting  Cylinders 
Condenser  Boxes 
Coal  Bins 
Steam  Separators 
Air  Receivers 
Water  Towers 
Stand  Pipes 
Smoke  Stacks  (Self- 

Supporting  and 

Guyed) 
Breechings,  etc.,  etc. 


Frequently  special  problems  arise,  and  in  such  cases  we  are  glad  to  offer  the 
services  of  our  Engineering  Department.  In  order  to  assure  prompt  replies  to 
inquiries  we  respectfully  request  complete  detail  information,  including  speci- 
fications and  blue  prints  when  possible.  We  hope  by  prompt  and  careful  atten- 
tion to  our  customers'  inquiries  to  be  favored  with  at  least  a  portion  of  your 
valued  orders. 

We  issue  no  discount  sheet  owing  to  the  constant  fluctuations  in  prices,  and 
for  the  reason  that  practically  all  of  our  products  are  built  to  order. 
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Steel  Plate   Constructioi 


THE  PETROLEUM  IRON  WORKS  CO. 

OIL  REFINERIES— COMPLETE 


10'  X  30'  Single.  Double,  and  Triple  Compartment  Cylindrical  Horizontal  Oil  Storage 
Tanks   ready  for  shipment. 


150  000  Gallon  Water  Tower, 

Yonkers,  N.  Y 

(Height  over  all  184') 


R.  R.  'Water  Service  Tank, 

Erected   East  Waco,    Texas,  for    the 

"Cotton  Belt." 
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Motors,   Generators,   Transformers 


CROCKER- WHEELER  COMPANY 

AMPERE,  N.  J. 

MANUFACTURERS  AND  ELECTRICAL  ENGINEERS. 
MOTORS,   GENERATORS,   TRANSFORMERS. 

AC  GENERATORS. 

OF  ALL  SIZES. 

Of  superior  design  and  constriiftion. 
Special  advantages  gained  l)y  C-W  ex- 
clusive features.  Wi'ite  for  our  bulletins 
143,  135  and  150. 

DC    GENERATORS. 

ALL  SIZES. 

These  machines  are  known  among 
engineers  for  the  special  care  and  at  ten- 
tion  given  to  eveiy  feature  of  their  de- 
sign and  construction.  Send  for  our 
bulletins  153  and  121. 

INDUCTION  MOTORS. 

ALL  SIZES. 

These  motors  combine  high  efficiency,  low 
starting  current,  great  overload  capacity  and 
high  power  factor  with  strong  insulation  and 
ease  of  repairs.  They  will  operate  continuously 
with  very  little  attention. 

Bearings  adjustable  for  wear. 

Metallic  slot  wedges,  allowing  the  use  of  form 
wound  coils  plus  the  advantages  of  closed  slots. 

Write  for  om-  bulletins  141  and  146. 

DC  MOTORS  OF  ALL  TYPES 
SIZES  FROM  I20  TO  5000  H.  P. 

These  motors  are  a  C-W 
specialty  and  have  been  devel- 
oped to  stand  hard  service  and 
abuse.  Their  quality  is  due  to 
good  design  and  thorough  con- 
struction. 

Send  for  our  bulletin  142. 

SPECIAL  ROLLING  MILL  MOTORS. 

Built  with  fire-proof  insulation  and  all 
parts  made  extra  strong  and  heavy  for  roll- 
ing mill  service.  The  C-W  Co.  has  made  a 
specialty  of  this  class  of  motors,  and  can 
promptly  supply  motors  for  any  branch  of 
Rolling  Mill  service. 

Write  iov  our  bulletin  128. 

POWER   AND   LIGHTING 
TRANSFORMERS. 

These  transformers  are  built  for  long 
service  and  efficiency.  They  operate  with 
the  minimum  loss  of  energy,  saving  15% 
or  20%  of  the  amount  lost  by  the  average 
transformer. 

Send  for  bulletins  151  and  154. 
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Motors 


DIEHL   MANUFACTURING    COMPANY 

ELIZABETHPORT,  N.  J. 
ELECTRICAL  APPABATUS 


VENTILATING  OUTFITS 

DIEHL  MOTOR  DIRECT  CONNECT 
ED  TO  EXHAUST  WHEEL 

The  illustration  ishows  one  of 
\DE  MARK  ^^"^  many  types  which  is  carried 
in  stock  by  the  Dielil  Manufactur- 
ing Conii)any,  who  have  standardized  a  slow  speed 
totally  enclosed  motor  for  ventilating  purposes. 
Particultir  emphasis  is  laid  upon  the  enclosed  type 
of  motor  from  the  fact  that  the  entire  volume  of 
dust  laden  air  handled  by  the  wheel  must  pass  over 
the  motor  and  not  through  it. 


TYPE  "G"  MOTORS 

For  general  power  uses  this  line  of  motors  is  excep- 
tional for  low  temperature  rise  and  sparkless  opera- 
tion within  guaranteed  load  hmits  without  change  in 
brush  position.  Soft  steel  is  used  for  the  cast  welded 
magnet  cores.  A  vacuum  impregnating  process 
gives  thorough  saturation  to  the  field  coils  with  the 
insulating  compound.  All  machining  operations 
being  performed  on  the  yoke  with  one  setting  insures 
concentricity  of  all  parts.  Type  "  G  "  motors  are 
made  for  Direct  Current  only  and  are  of  three  varie- 
ties, open,  semi-enclosed  with  wire  screens  and 
enclosed  with  iron  doors. 


TYPE  "  K  "  MOTORS 

Type  "K"  apparatus  as  built  for  adjustable 
speeds  gives  the  full  range  of  rated  speeds  by  field 
resistance,  having  a  culminating  ratio  of  5-1.  This 
apparatus  is  more  compact  in  its  dimensions  than 
any  other  on  the  market  having  similar  c-haracteris- 
t  ics,  without  sacrificing  strength  and  durability. 

Elevator  motors  subject  to  heavy  starting  torque, 
quick  acceleration  and  sudden  fluctuating  load  must 
blend  the  characteristics  of  wide  speed  range  with 
sparkless  commutation  and  low  temperature  rise. 
Type  "K"  applied  to  elevator  drive  gives  positive 
a.ssurance  of  success. 


"GL"  AND  "GS"  MOTORS 

Small  motors  for  general  power  uses  showing  a 
range  of  power  from  gV  to  34  HP  are  listed  under 
the  title  of  "  GL  "  "GS"  Motors  in  Bulletin  No.  76. 

The  smaller  sizes  are  constructed  to  run  either 
D.  C.  or  A.  C.  circuits.  Having  wholly  laminated 
field  frame  and  being  enclosed  with  light  sheet 
metal  covers,  weight  is  minimized.  "GS"  type 
motors  are  built  for  D.  C.  current  only  with  either 
.series,  shunt  or  compound  windings. 
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Motors 


ELECTRO-DYNAMIC  COMPANY 

BAYONNE,  NEW  JERSEY 
THE  INTER-POLE  MOTOR 


The  use  of  Direct  Current  Motors  before  the  introduction  of  tlie  INTER- 
POLE  was  rapidly  decreasing,  because  the  A.  C.  Induction  Motor  for  Constant 
Speed  Working  had  certain  advantages,  such  as  no  attention  l)('ing  required  to 
brushes  or  commutator. 

The  advent  of  the  INTER-POLE  Motor  lias 
changed  this  condition,  because  there  is  no  com- 
mutator or  brush  trouble  encountered  with  such — 
besides  it  has  many  other  extremely  useful  charac- 
teristics not  possessed  bv  its  predecessors  for  either 
A.  C.  or  D.  C.  Circuitsf 

The  INTER-POLE  Motor,  therefore,  has  fixi'd 
and  established  the  basic  principles  on  which  all 
good  D.  C.  Motors  must  be  constructed.  It  con- 
stitutes the  greatest  advance  in  electric  motive 
power  in  the  last  twenty  years  and  HAS  SAVED 
THE  DAY  FOR  DIRECT  CURRENT  FOR 
MOTOR  WORK. 

This  Company  is  the  Pioneer  of  the  INTER- 
POLE  Motor  development  and  has  created  a  stand- 
ard of  merit  by  which  all  motoi's  are  judged. 

For  either  Constant  or  Adjustable  Speed  Service 
these  motors  have  certain  inherent  advantages, 
among  which  are  the  following: 

1st:  SPARKLESSNESS.      . 

2nd:  High  Efhciency. 

3rd:  Reversibility. 

4th:  Heavy  overload  capacity. 

5th :  Compactness. 

Gth:  Constant  speed  at  any  controller  position  regardless  of  load. 

7th:  Wide  speed  ranges.    Speed  ratio  up  to  1  to  G  by  shunt  field  control 


Type 


Ball 


Type  "S"  motor     commutator  end 
Ring  oiler  bearings 


Type  "S"  motor     commutator  end 
Ball  bearings. 


A  com])arison  of  ratings  and  prices  with  other  makes  of  motors  will  show 
that  prices  of  the  INTER-POLE  Motors  are  competitive,  even  with  motors  not 
having  INTER-POLES.  This  fact,  together  with  the  well-known  high  quality, 
will  warrant  the  use  of  these  motors  exclusively. 

Bulletins  will  tell  the  whole  storv.     Send  for  them. 
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Motors 


RICHMOND  ELECTRIC  COMPANY 

RICHIVIOND,  VIRGINIA 

List  of  Branch  Offices  and  Sales  Representatives 

Atlanta,  Ga 72  Marietta  Street Fulton  Electric  Co. 

Baltimore,  Md 204  N.  Calvert  St John  S.  Dobler 

Birmingham,  Ala 3  So.  20th  St Oliver  Electric  &  Machine  Co. 

Boston,  Mass 141  Milk  Street B.  B.  Stoddard 

Chattanooga,  Tenn Cor.  Duncan  Ave.  &  R.R.  St. .  .   Chattanooga  Armature  Works 

Chicago,  111 322  Monadnock  Block Richmond  Electric  Company 

Cincinnati,  Ohio 126  W.  2nd  Street Buckeye  Equipment  Company 

Cleveland,  Ohio 505  Swetland  Bldg The  F.  Bissell  Company 

Columbia,  S.  C 804  W.  Gervais  Street Gibbes  Machinery  Company 

Dallas,  Texas 1413  Commerce  Street Gus  Sachs 

Davenport,  Iowa 119  E.  4th  Street Tri  Citv  Electric  Supply  Co. 

Detroit,   Mich 1006  Majestic  Bldg The  F.  Bissell  Company 

Louisville,  K\- 514  W.  Main  Street Harry  I.  Wood  Company 

Lynchburg,  Va 614  jNIain  Street Hudson-Morgan  Electric  Co. 

^iemphis    Tenn 28  S.  2nd  Street Gray  Brothers 

Moline,  Iowa Tri  City  Electric  Supply  Co. 

New  Orleans,  La Baronne  &  Peridodo  Sts Interstate  Electric  Co. 

New  York,  N.  Y 145  Chambers  Street Richmond  Electric  Company 

Oklahoma  City,  Okia 116  N.  Broadway Arnold  &  Wetherbee 

Philadelphia,  Pa 1011  Chestnut  Street Richmond  Electric  Company 

Pittsburg,  Pa 430  Penn  Ave John  McC.  Price  Company 

Rochester,  N.  Y 33  Exchange  Street L.  Larsen 

St.  Joseph,  Mo 820  Frederick  Ave Columbian  Electric  Company 

St.  Louis,  Mo 1318  Pine  Street Richmond  Electric  Company 

San  Francisco,  Cal Monadnock  Bldg A.  C.  Hanna 

Toledo.  Ohio 226  Huron  Street The  F.  Bissell  Company 

"  RICHMOND  "  POLYPHASE  MOTORS 


By  devoting  their  attention  exclusively  to  the  design  of  Polyphase 
Motors  the  engineers  of  the  Richmond  Electric  Company  have  brought 
its  i)riHluct  to  an  unusually  high  degree  of  perfection. 

"Richmond"  Motors  are  manufactured  in  both  the  Squirrel  Cage 
and  Wound  Rotor  types. 

SQUIRREL  CAGE  MOTORS 

The  standard  type  R.  E.  (squirrel  cage)  motors  are  built  in  sizes 
from  i  to  150  h.p.  Instead  of  auto-starters  "RICHMOND  "  type 
R.  E.  motors  are  equipped  with  a  special  starting  winding  (covered 
by  U.  S.  Patent  of  Feb.  12,  1907). 

This  form  of  starter  has  many  advantages  over  the  compensator 
method.  "RICHMOND"  Motors  will  develop  a  higher  starting 
torque  with  less  current  than  will  motors  using  compensators. 

Motors   of  5  h.p.  are  supplied  with  these  starting  coils  when  so  rel  Cage  Motor 
specified. 


Illustrating    112 
30  h.  p.  1140R.  P. 


WOUND  ROTOR  TYPES 
Type  F.  H.  Slip  Ring  Motors 

An  appreciation  of  the  demand  for  a  satisfactory  variable 
speed  polyphase  alternating  current  motor  has  caused  this  com- 
pany to  place  upon  the  market  a  full  line  of  machines  of  this 
character,  ranging  in  size 
from  one-fourth  to  125  h.p. 
inclusive. 

These  motors  will  be  found 
most  satisfactory  for  the  op- 
eration of  printing  presses, 
ventilating  fans  and  other 
apparatus  requiring  variable 
speed. 

These  motors  resemble 
very  closely  in  operating  ^_ 

characteristics  a  direct  cur-  ^'^~"'~'^^J '5''^^^ 

rent  shunt  motor  with  ar-  ■*^' 

mature  control.  Back  Geared  Motors  can  be 

ratio  is  5-1. 


50  h.p.  1 140  r.p.m.  60  cycle 
wound  rotor  type  motor.  This 
gives  a  very  accurate  idea  of  the 
entire  lines  of  type  F.H.  and  E. 
M.  slip  ring  motors  in  sizes  from 
}i  to  75  h.p. 


fvd  starting  torque,  as  in  this  respect  it  is  far  superior  to  the 
squirrel  cage  motor 


Type  E.  M.  Slip  Ring  Elevator  Motors  are  rated  for  intermittent  service.  These  motors  are  un- 
usually well  adapted  for  the  operation  of  freight  and  passenger  elevators,  cranes,  hoists,  etc.  In 
mechanical  construction  they  resemble  the  constant  service  type  F.  H.  motors,  but  have  a  higher 
starting  torque. 
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Electric   JJ\'lchn(j  TLquipincnt 


THOMSON  ELECTRIC  WELDING  CO. 

LYNN,  MASS. 

A  COMPLETE   LINE    OF   ELECTRIC    WELDERS    FOR   BUTT     SPOT  AND  SPECIAL 

WELDING,  OPERATED  BY  HAND,  FOOT,  SEMI-AUTOMATIC 

AND  AUTOMATIC  CONTROL 

SPECIAL    WELDERS  A   SPECIALTY 


TYPE  7A  AUTOMATIC 


COST,    TIME,   POWER 
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For  welding  rings,  hoops,  buckles,  etc. 

Machine-made   in   various    forms, 

making  10-20  welds  per  minute 


COST 

I\Iijltii)ly  the  Iv.W.  hoiii's  used  by 
the  luimbor  of  cents  your  current  costs 
per  K.W.  hour,  and  you  get  the  current 
cost  per  1000  welds  for  sizes  shown  on 
above  table. 

TIME 

The  time  of  weldinia;  runs  from  1-5 
second  in  small  wire  to  60  seconds  in 
sections  such  as  3  square  inches. 


POWER 

The  power  varies  from  1  K.W.  for  1-5  second  to  60  K.W.  for  60  seconds. 
Within  certain  limits  the  GREATER  THE  POWER,  THE  LESS  THE  TIME; 
and  VICE  VERSA.  DIRECT  CURRENT  cannot  be  used,  the  welder  being 
operated  upon  a  single-phase  of  any  constant  potential  ALTERNATING  cur- 
rent, from  110  to  500  volts. 


SPECIFICATIONS  OF  STANDARD 
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Rotary  Air  Compressors  and  Pumps 


CROWELL  xMFG.  CO. 

29G-298  Taafe  Pla(-e  BROOKLYN,  N.  Y 

SOLE  MANUFACTURERS,  UNDER  PATENTS 


Type  D 


CROWELL    ROTARY   AIR    COMPRESSOR 
OR  VACUUM  PUMP 

'The  action  is  simple,  'positive,  and  durable, 
witli  a  continuous  intake  and  delivery  of  the 
air.  No  valves,  springs,  gears,  or  unbalanced 
parts  are  used  or  required  in  the  construction 
or  operation  of  Crowell  Machines. 

The  pressure  or  degree  of  vacuum  is  not  de- 
pendent on  high  operating  speeds.  Floor  space 
is  small — no  special  foundations  are  required. 
Lubrication  is  positive  and  automatic. 

Manufactured  in  nine  standard  sizes  with 
capacities  ranging  from  four  to  390  cu.  ft.  of 
free  air  per  minute,  and  designed  for  a  working 
pressvu'e  of  25  lbs.  or  less  to  the  sq.  in. 

When  used  as  a  vacuum  pump,  will  maintain 
a  vacuum  of  from  29  to  30  in. 

Air  Receivers  supplied  when  required. 


CROWELL  ROTARY  VACUUM    PUMP 

This  machine  was  until  recently  used 
exclusively  by  the  Paul  System  Co.  in 
connection  with  their  Patented  vacuum 
system  of  steam  heating,  but  is  now  avail- 
able for  all  engineers  and  contractors. 

It  is  electrically  driven  by  a  Sprague 
Round  Type  IVIotor  and  controlled  by  a 
rubber  diaphragm  switch,  and  can  be  set 
so  that  it  starts  and  stops  at  any  desired 
vacuum  from  1  to  10  inches,  thus  auto- 
matically keeping  the  heating  lines  free 
from  air  and  water. 

Sizes  from  1  to  5,  having  capacities 
sufficient  for  from  4000  to  60,000  sq.  ft. 
of  radiating  surface. 

Equally  adapted  for  many  other  pur- 
poses requiring  a  higher  vacuum. 


TypeF 


Type  A.    Sizes  i  and  2 


CROWELL  POSITIVE  PRESSURE 
BLOWER 

These  blowers  are  suitable  for  all  i)ur- 
poses  requiring  air  under  pressure  of  from 
I  to  10  lbs.  per  sq.  in.  or  any  degree  of 
vacuum  not  exceeding  24  inches. 

The  princijile  of  construction  is  iden- 
tical with  that  of  the  machines  described 
above;  an  internal  drum  and  shaft  carries 
sliding  blades  which  operate  in  close  con- 
tact with  the  cylinder  wall.  No  springs, 
valves,  gears  or  unbalanced  parts. 

Sizes  of  from  7  to  390  cu.  ft.  of  free  air 
per  minute. 


Write  for  Catalogue. 
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Air  Compressors 


CHICAGO  PNEUMATIC  TOOL 
COMPANY 


Fisher  Building,  CHICAGO 


50  Church  St.,  NEW  YORK 


T\/rANTTT7ArTURERS  OF  AIR  AND  GAS  COMPRESSORS  FOR  ALL  CLASSES 
S?  WORK  AND  OF  ANY  CAPACITY  OR  METHOD  OF  DRIVE 


CLASS  "C": 

Heavy  Duty  Horizontal  Cross 
Compound  or  Duplex  Corliss,  du- 
plex or  two-stage  air  cylinders,  for 
steam  pressures  from  80  to  200 
lbs.,  in  capacities  from  1500  to 
5000  cubic  feet. 


CLASS  "M-CE": 

Electric  Motor  Driven  Com- 
pressor, with  motor  mounted  di- 
rectly on  compressor  shaft.  For 
any  cm-rent  or  voltage.  Duplex 
or  two-stage  air  cylinders,  in  capa- 
cities from  550  to  4000  cubic  feet 


CLASS  "G "-DUPLEX: 

Duplex  or  Compound  Steam 
Driven  Type  with  duplex  or  two- 
stage  air  cylinders,  with  sub-base 
and  intercooler  in  same.  For 
steam  pressures  from  80  to  175 
lbs.,  and  in  capacities  from  190  to 
2100  cubic  feet. 

CLASS  "  G  "-STRAIGHT  LINE: 

Single  Steam  Single  Air  Cylin- 
ders in  straight  line,  mounted  on 
rigid  frame,  for  steam  pressures 
from  60  to  150  lbs.,  and  capacities 
from  30  to  500  cubic  feet. 

Also  a  full  line  of  Belt  and  Short 
Belt  Driven  Compressors  of  cor- 
responding types  and  sizes.  Also 
gasoline  engine  driven  compres- 
sors, stationary  and  portable, 
from  70  to  150  cubic  feet  capacity. 

Descriptive  pamphlets,  speci- 
fications and  prices  on  apphcation 
to  main  offices  or  to  branches  in 
principal  cities. 
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Pneumatic  Tools 


CHICAGO  PNEUMATIC  TOOL 
COMPANY 


Fisher  Building,  CHICAGO 


50  Church  St.,  NEW  YORK 


MANUFACTURERS  OF  PNEUMATIC  HAMMERS  FOR  ALL  PURPOSES,  RIVETING 
CHIPPING,  CALKING  AND  CUTTING  AND  CARVING  STONE 


No.  50 


No.  60 


No.  80 


No.  90 


BK.      CHIPPING  AND 
CALKING  HAMMERS 

Made  in  seven  sizes.  Stroke 
lengths  from  one  inch  to  four 
inches. 

Catalogues  and  Bulletins 
on  application. 

No.  50.    RIVETING 
HAMMER 

Weight  19i  lbs.;  5-inch 
stroke;  capacity  up  to  |- 
inch  rivets. 


No.  60.     RIVETING 
HAMMER 

Six-inch    stroke;    capacity 
up  to  |-inch  rivets. 

Weight  j'^^'^^^a^d.... 22  lbs. 
I  Heavy 25  lbs. 


No.  80.    RIVETING 
HAMMER 

8-inch  stroke;  capacity  up 
to  l|-inch  rivets. 

rStandard.  .  .24  lbs. 
Weight  <  Heavy 25  lbs. 

CEx.  Heavy.. 36  lbs. 


No.  90.     RIVETING 
HAMMER 

9-inch  stroke;  capacity  up 
to  l|-inch  rivets. 

rStandard.  .  .25  lbs. 

Weight  <  Heavy 26  lbs. 

CEx.  Heavy..  37  lbs. 
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Pneumatic   Tools 


CHICAGO  PNEUMATIC  TOOL 
COMPANY 


Fisher  Building,  CHICAGO 


50  Church  St.,  NEW  YORK 


MANUFACTURERS     OF    PORTABLE    ELECTRIC     TOOLS,    DRILLS,     GRINDERS     AND 
HOISTS   FOR    OPERATING    ON    DIRECT    OR    ALTERNATING    CURRENT. 


Size  No.  2  S-S.     Capacity  %  inch  in  metal 


UNIVERSAL  ELECTRIC 
DRILLS 

Operating   on    either   direct 
or   alternating    current   inter- 
changeably. 
mSize  Inch 

\().  000.  Capacity  in  metal  j^ 
No.  OOOx.  Capacity  in  metal  ]/i 
No.  00.  Capacity  in  metal  ^ 
Capacity  in  metal  ^-^ 
Capacity  in  metal  J^ 
Capacity  in  metal  J^ 
Capacity  inmetal  1 3^ 


No.O. 
No.  1. 

No.  2. 
No.  3. 


HEAVY  DUTY  DIRECT  CURRENT  ELECTRIC  DRILLS 

For  110  and  220  volts. 
Built  in  five  sizes  as  follows: 

Size  Inch 

No.O.  Capacity  in  metal  ^s 
No.  1.  Capacity  in  metal  I2 
No.  2.  Capacity  in  metal  J  « 
No.  3.  Capacity  in  metal  1]4 
No.  4.    Capacity  in  metal  2 

The  No.  3  and  No.  4  sizes 
can  be  furnished  in  the  center 
spindle  as  well  as  the  side 
spindle  style.  Style  No.  4  C-S 

HEAVY  DUTY  ALTERNATING  CURRENT  ELECTRIC  DRILLS 


For  two  and  three  phase. 
Built  in  five  sizes  as  follows: 

Size  No.  0. 
Size  No.  1. 
Size  No.  2. 
Size  No.  3. 
Size  No.  4. 


Capacity  in  metal  ^-g  inch. 
Capacity  in  metal  ]'2  inch. 
Capacity  in  metal  %  inch. 
Capacity  in  metal  1)4  inch. 
Capacity  in  metal  2      inch. 


Furnished  in  the  side  spindle  style  only. 
110  or  220  volts.  Sizes  Nos.  2,  3  and  4  c 
be  wound  for  440  volts. 


Standard  windings  are  for  00  cycles, 


ELECTRIC  GRINDERS 

For  use  in  the  foundry,  machine  and  struc- 
tural shop.  Built  in  two  siz(>s  for  110-220- 
()00  volts  direct  current,  and  110-220  volts 
two  or  three  phase  alternating  current. 

Size  No.  5  BP  carries  bx%   inch  wheel. 

Size  No.  8  BP  carries  G.xlM  inch  wheel. 


Size  No.  8  BP  Portable  Grinder 
Bulletins  on  application. 
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Pneumatic   Tools 


CHICAGO  PNEUMATIC  TOOL 
COMPANY 


Fisher  Building,  CHICAGO 


50  Church  St.,  NEW  YORK 


MANUFACTURERS  OF  IMPROVED  BALL  BEARING   DRILLS  OF  ALL  TYPFS    FOR   att 
CLASSES  OF  WORK  WITHIN  THE  SCOPE  OF  A  ^RTABLE  DRILL. 

loF  LITTLE  GIANT 
MIDGET  DRILL 

The  i(l(>al  drill  for 
(Irilliii^  tt'll-talo  holes 
ill     stu}' -bolts     and 
keepiiifj;  them  open. 

Speed,   light,  2400 
R.P.M.Weight,Slb.s. 

IMPROVED  LIT- 
TLE GIANT  BALL 
BEARING    DRILLS 

Size  1 
Speed,  340  R.P.M. 
Weight,  58  lb.s. 
Capacity,  4  Morse 

Taper. 

Size  2 
Speed,  450  R.P.M. 
Weight,  41  lbs. 
Capacity,  3  Morse 

Taper. 

Size  4 
Speed,  700  R.P.M. 
\yeight,   22 1    lbs. 
Capacity  2  Morse 

Taper. 

LITTLE       GIANT 

CLOSE  QUARTER 

DRLLLS 

Size  8 
Speed,  270  R.P.M. 
Weight,  38  lbs. 
Capacity,  3  Morse 

Taper. 

Size  9 
Speed,  L35  R.P.M. 
\y eight,  38  lbs. 
Capacity,  4  Morse 

Taper. 

No.    4   IMPROVED 

LITTLE  GIANT 

GRINDER 

As  will  be  seen 
from  the  cut,  the  grip 
handle    is    provided 

with  a  trigger  which  .,       _ 

when  pressed  down  opens  the  throttle,  and  is  held  in  that  position  until  released 
by  pressmg  a  button  at  the  side. 

Speed  3000  R.P.M.    Capacity,  8"  x  1"  Emery  wheel. 

Catalogues  and  Bulletins  on  request 
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Air  Compressors 


THOS.  H.  DALLETT  CO. 


York  and  23d  Sts., 


PHILADELPHIA,  PA. 


MANUFACTURERS    OF   AIR    COMPRESSORS,   PNEUMATIC    STONE- 
WORKING  TOOLS,  BOILER  SCALERS,  WOOD  CARVING  TOOLS,  ETC. 


Straight  Line— Belt  Driven 


"Dallett"  Compressors  are  made 
in  straight-line,  duplex  and  com- 
pound types,  belt,  steam  and  motor 
driven,  their  characteristics  adapting 
them  for  any  service  where  the  re- 
quirements call  for  a  combination  of 
economy,  high  efficiency,  ease  of  op- 
eration and  maintenance. 

The  standard  machines  range  in 
capacities  from  79  cu.  ft.  per  minute 
up;  all  types  being  compact  and  mas- 
sive in  construction,  with  large  bear- 
ing surfaces,  producing  a  machine  of 
strength,  reliability  and  efficiency. 
Frames  are  of  the  open  fork,  center-crank  type,  with  a  large  amount  of  metal 
under  the  main  bearings,  and  all  parts  requiring  adjustment  are  easily  accessible. 
All  air  and  steam  cylinders  are  adapted  for  pressm-es  up  to  12.5  lbs.,  the  steam 
valves  being  of  the  plain  D  slide 
valve  type,  but  on  the  larger  ma- 
chines the  Meyer  Adjustable  Balanced 
Cut-off  Valve  is  used  where  specified. 

All  air  cylinders  are  equipped  with 
the  "Dallett"  Silent  Inlet  and, Dis- 
charge Valves,  these  being  of  the 
Poppet  type,  allowing  a  full  intake 
and  discharge  of  air  to  the  cajiacity 
of  the  cylinder  at  each  stroke  of  the 
l)iston. 

The  steam  passages  are  direct;  air 
passages  and  valve  ports  are  of  ample 
area,  combined  with  large  water- 
cooling  surfaces  and  thorough  and 
efficient  lubrication,  and  losses  by  clearance  and  leakage  have  been  reduced 
to  minimum. 

All  machines  are  equipped  with 
automatic  controlling  and  unloading 
devices.  Compound  machines  with 
two-stage  air  cylinders  are  furnished 
with  inter-cooler  of  large  cooling  sur- 
face, employing  the  return  flow  type 
of  water  circulation. 

All  ratings  have  been  conserva- 
tively made,  and  every  machine  is 
given  an  exhaustive  test  above  rated 
load  before  leaving  the  shop. 

WRITE  FOR  BULLETINS. 


Straight  Line — Steam  Driven 


i-ja^i!?*^ 


Duplex — Steam  Driven — Two-Stage  Air 
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Air   Compressors  and  Pumps 


LAIDLAW-DUNN-GORDON  COMPANY 

115  BROADWAY,  NEW  YORK 

"rtciKKs:  CniciiiiKLli.  ()lii,(.  Branch  Officos  in  all  Principal  Cities 

AIR  COMPRESSORS,  VACUUM  PUMPS,  HIGH  DUTY  PUMPING  ENGINES 


AIR  COMPRESSORS. 

300  to  10,000  cu.  ft.  per  min- 
ute. 10  to  500()-ll).s.  air 
pressure.  Our  highly  de- 
veloped production  system 
hotli  in  Foundry  and  Ma- 
chine Shop,  tofi'ethcr  witli 
careful  standardization  and 
interchangeability  of  i)arts, 
permits  om*  giving  to  our 
cHents  the  highest  obtain- 
able vahie  for  their  money. 
Our  Cincinnati  Air  Valve 
Gear  as  continuously  de- 
veloped and  imjiroved  by 
us,  has  set  the  pace  in  the 


Meyer  Gear  Air  Compressor 


Corliss  Air  Compressor 


air  compressor  business 
for  this  country  for  ten 
years,  and  permits  oiu' 
giving  to  our  clients  the 
highest  obtainable  effi- 
ciency. Both  value  and 
efficiency,  as  well  as  the 
nature  of  our  service  to 
our  clients,  are  attested 
by  the  highest  proportion 
of  repeat  orders  received 
by  any  builder  in  the 
compressor  business. 


Bulletin  L521-68A 
describes  our  com- 
pressor line  in  con- 
densed form. 

VACUUM    PUMPS. 

Our  close  clearance 
high  efficiency  rotary 
dry  vacuum  pump 
serves  four  out  of 
five  of  the  largest 
turbine  plants  in  the 
country-.  Our  gear 
is  so  designed  that  continued 
use  improves  efficiency.  We 
have   no   flash   ports. 

HIGH  DUTY  PUMPING 
ENGINES.  One  million  to 
twelve  miUion  gallons  capac- 
ity. We  are  replacing  direct 
acting  plantsof  t  he  older  type, 
in  large  numbers,  with  high 
duty  installations,  operatiim; 
on  one-third  to  one-half  of  t  In  ■ 
previous  fuel  expenditure. 

Our  business  pohcy  is  based 
on  the  effort  to  so  completely 
satisfy  a  client,  as  to  insure 
our  receiving  his  next  order. 


Vacuum  Pump 


High  Duty  Pumping  Engine  L  172.8 
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Blowers  and  Exhausters 


P.  H.  k  F.  M.  ROOTS  COMPANY 

CONNERSVILLE,  INDIANA 

ROTARY    BLOWERS,     GAS    EXHAUSTERS,    ROTARY     PUMPS      FLEXIBLE     ROPE 

COUPLINGS 


ROOTS'  BLOWERS 


„ T  , 


Sectional  View  Showing  Interior 
Construction 


Engine  Driven  Gas  Exhauster 


Double  Outboard  Bearing,  Single  Geared  Smelt- 
ing Blower  with  Double  Acting  Quick  Opening 
Blast  Gate 

FACILITIES 

SIZE. — Our  facilities  are  such  that  we 
can  build  Blowers  up  to  sixty-inch  gear 
machines,  having  a  displacement  of  over 
seven  hundred  cubic  feet  per  minute. 

ACCURACY. — By  the  use  of  machines 
specially  made  for  our  work,  we  insure 
accuracy,  which  results  in  high  efficiency, 
not  once,  but  in  all  machines. 
_  CAPACITY.— Is  the  largest  of  any  Posi- 
tive Blower  Company  in  the  world. 

SPECIAL  MACHINES 

We  build  special  machines  for  handling 
gases^  They  can  be  bronze  or  lead  lined, 
with  or  without  stuffing  bo.xes.     The  gen- 


eral construction  is  the  same  as  Smelting  or  High  Pressure  Blowers 

GAS  EXHAUSTERS 

The  Roots'  Exhauster  as  built  today,  is  the  nearest  approach  to  a  perfect 
Rotary  rnachine.  It  is  strong  throughout,  without  being  cumbersome,  work 
manlike  in  appearance,  without  sacrificing  strength  and  durability  to  finish, 
easy  to  adjust,  and  has  all  adjustments  in  places  easy  of  access,  without 
removing  one  part  to  get  at  another. 

TABLE   OF   SIZES,    POWERS,    AND     CAPACITIES    OF   ROOTS'    GAS 

EXHAUSTERS 


No.  of 

Exhauster 


2 

3 

4 

5 

6 

7 

8 

81 

9 

9i 
10 
10} 
11 
11* 
12 
12J 
14 


Suction  and 
Discharge 
Diameters 


10 
12 
16 
16 
20 
20 
20 
24 
30 
30 
36 
36 
42 
42 


!   Horse  Power    | 
at  Stated  Speed       Speed  of 
;ind  One  Pound     Exhauster 
Pressure 


.75 
1.5 
2.5 
3.75 
5. 
7.50 

11. 

15.5 

19. 

24. 

29. 

36. 

50. 

69. 

80. 
102. 
115. 


Capacity  per 
Displacement  I  Hour  In  Cubic 
In  Cubic  FePt  Feet 

per  Revolution  No  Allowance  for 
j  I       Shrinkage 


200 

.91 

200 

1.31 

180 

2.95 

170 

4.8 

160 

8.3 

150 

13.1 

140 

19.6 

130 

28.2 

120 

38.5 

110 

5i.2 

190 

61.75 

95 

81. 

90 

111.2 

90 

147.9 

85 

192. 

85 

244. 

80 

304.9 

10.920 

15,720 

31,860 

48,960 

79,680 

117,900 

164,640 

219,960 

277,200 

337,920 

370,500 

461,700 

600,480 

798,660 

979,200 

1,244,400 

1,463,520 
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Rotary  Pumps 


Interior  Construction  of  Rotary  Pump 


P.  H.  cV  F.  M.  ROOTS  COMPANY 

ROOTS  ROTARY  PUMPS 

The  range  of  operation  of  these  Pumps 
is  from  ten  feet  to  two  hundred  feet 
head  and  for  handling  any  liquid  sub- 
stance, not  containing  grit,  with  econ- 
omy ranging  from  75  per  cent  to  85  per 
cent  of  the  power  applied  to  the  Pump 
shaft. 

The  source  of  power  may  be  turbine, 
steam  or  motor,  and  any  of  these  classes 
of  power  may  be  direct  connected, 
geared  or  belt  driven,  thus  giving  a 
wide  choice  of  arrangement  and  allow- 
ing the  Pump  to  be  used  under  almost  any  conditions. 

Irrigation  reservoir,  condenser,  cooling  towers,  circulating  work  for  hot 
or  cold  water  or  brine,  are  a  few  among  the  many  purposes  to  which  the 
Pumps  are  successfully  applied.  The  sizes  range  from  the  50,000  gallons 
a  minute  irrigation  pump,  running  70  r.p.m.,  tc  the  small  1-10  gallon  dis- 
placement per  revolution  Pump,  running  600  r.p.m. 

For  handling  oil,  tar  or  ammonia,  these  pumps  are  well  suited.  Special 
lining  and  impellers  may  be  used  where  the  liquids  to  be  pumped  would 
attack  cast  iron. 

Briefly,  the  operation  of 
the  Pumps  is  as  follows:  The 
revolution  of  the  shafts  and 
impellers  traps  the  water 
between  the  lobes  and  the 
case,  delivers  it  to  the  dis- 
charge side,  where  the  rol- 
ling together  of  the  impel- 
lers on  the  center  lines  of 
the  shaft  prevents  the  re- 
turn of  the  water. 

The   care   and   workman-  ^^"*  Connected  Motor  and  Pump 

ship  with  which  the  impellers  are  fitted  to  each  other  and  to  the  case  assure 
a  small  slip  of  water  both  at  the  rolling  and  case  contacts.  The  suction 
air  chambers  cast  on  the  lower  half  of  the  half  circles  save  unsightly  pipe 
connections,  at  the  same  time  stiffening  the  Pump  as  a  whole. 

The  flow  of  water  is  steady  and  uniform,  and  unless  air  enters  the  suction 
pipe,  free  from  pulsation. 

FLEXIBLE  ROPE  COUPLINGS 

This  coupling  was  designed  to  meet  a  condition  in 
rotary  pump  work,  and  proved  so  satisfactory  for 
this  work  that  it  is  now  used  on  a  large  percentage  of 
our  direct  connected  Blowers,  Exhausters  and  Pumps. 
The  points  of  advantage  that  place  it  ahead  of  other 
designs  for  the  same  purpose  are  these: 

FIRST — It  corrects  for  misalignment  in  any  direc- 
tion, whether  due  to  settling  of  foundations,  wear 
of  engine  bearings,  or  original  setting,  thus  saving 
uneven  wear  and  heating. 

SECOND — It  takes  care  of  end  thrust  caused  by 
heating,  wear  of  bearings  or  oscillations  of  the  driv- 
ing mechanism. 

THIRD — It  eases  up  sudden  fluctuations  of  load  by  the  swing  of  the  loop. 

FOURTH— It  permits  rotation  in  either  direction,  with  equal  results 
and  symmetrical  positions. 

FIFTH — The  ropes  can  be  removed  as  quickly  as  the  bolts  in  a  solid 
coupling  can  be  taken  out. 

SIXTH— With  ropes  off,  either  the  driving  or  driven  machine  can  be 
rotated  without  interference. 

SEVENTH — The  life  of  the  ropes  is  long  and  can  be  renewed  at  small 
expense. 
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Blowers  and  Exhausters 


WILBRAHAM-GREEN  BLOWER  CO. 

POTTSTOWN,  PA. 

MANUFACTURERS  OF  THE  "WILBRAHAM-GREEN"  ROTARY  POSITIVE  PRESSURE 
BLOWER  AND  GAS  EXHAUSTER.  KNOWN  EVERYWHERE  AS  "THE  OLD  RELIABLE." 
SUITABLE  FOR  EITHER  LOW  OR  HIGH  PRESSURES.  HIGH  PRESSURE  MACHINES 
ARE,  HOWEVER,  USUALLY  DESIGNED  TO  SUIT  THE  PARTICULAR  WORK  THEY 
ARE  TO  PERFORM. 

A  few  of  the  lines  of  work 
for  which  our  Blowers  and 
Gas  Exhausters  are  especially 
adapted  and  have  been  used 
diu-ing  the  last  40  years: 
Smelters,  Pneumatic  Tubes, 
Oil  Burning,  Foundry  Cu- 
polas, Paper  Mills,  Vacuum 
Pumjis,  Oil  Refineries  and 
Gas  Works. 

The  internal  construction 
of  Blowers  and  Gas  Exhaust-  p^ngy  driven  Blower 

ers  is  very  simihir. 

Low  pressure  machines  are  usually 
single-geared. 

High  pressure  machines  are  usually 
double-geared. 

Bearings  are  bushed  with  Phosphor 
Bronze;  are  Ring  Oiling,  and  very 
large,  so  that  the  pressure  per  inch 
square  of  projected  area  is  extremely 
low. 


Motor  Driven  Blower 

Shafts  arc  FORGED  STEEL. 

Our  design  allows  the  driving  pulley 
or  gear  to  be  placed  against  the  end  of 
the  Bearing,  reducing  the  overhang  to 
a  minimum.  This  is  a  very  IMPORT- 
ANT feature,  in  either  a  Pulley  or 
Motor  Driven  unit. 

Gears  are  accurately  cut  from  the 
solid  and  very  wide  face. 

Blowers  or  Exhausters  are  built  with 
pipe  connections  either  top  or  bottom 
or  on  the  sides,  to  suit  conditions. 


Engine  Driven  Exhauster 


Regular  Pulley-Driven 

Blowers.     App 

roximate  Dimensions 

in  Inches 

Pisplace- 
nieiU  per 
Revolution 

Total 
Lengtll 

Vertieiil 

Side 

Blower 

lullet 

llorizontnl  Bloner 

Top  or  Bottom  Outlet 

PULLEY 

Average 

No. 

Total 

Fac-e  to 
Face  of 

ToL-il 

Face  to 

Total 

Face 

'^^.^! 

Cubic  Feet 

Height 

B'langes 

Flauges 

30 

1 

3 

50 

31 

23 

24 

23 

20 

5 

L.525 

2 

514 

67 

31 

23 

24 

23 

30 

24 

() 

2,100 

3 

8 

70 

36 

26 

27 

26 

36 

30 

6 

2,800 

4 

13 

78 

42 

29 

30 

29 

40 

32 

/ 

3,800 

5 

19 

87 

47 

34 

34 

34 

46 

40 

8 

4,800 

5A 

22 

99 

4S 

34 

36 

34 

47 

40 

9 

5,700 

5B 

25 

107 

48 

34 

36 

34 

47 

42 

9 

6,100 

6 

29 

100 

56 

41 

40 

41 

55 

44 

10 

7,800 

6A 

35 

110 

58 

42 

43 

42 

57 

48 

lO'o 

9,.500 

6B 

45 

120 

63 

44 

45 

44 

62 

48 

12 

11,400 

7A 

55 

130 

70 

48 

4S 

48 

67 

54 

12 

15,. 500 

7B 

67 

124 

80 

60 

61 

60 

81 

60 

15 

17,500 

7H 

85 

144 

80 

60 

61 

60 

81 

66 

15 

19,000 

8 

112 

154 

90 

64 

66            64 

89 

72 

18 

32,000 

Larger  Sizes  Built  to  Order 
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Turbo-Blowers 


HENRY  R.  WORTHINGTON 


115  Broadway,  NEW  YORK 


Works:  HARRISON,  N.J. 


Manufacturers  of 


Turbine  Driven  |        TURBO-BLOWERS 
and  \  and 

Motor  Driven    (.  TURBO-COMPRESSORS 

For  every  pressure  and  capacity 


Motor  Driven  Turbo-Blower— Capacity  30,000  cu.  ft.  per  min.     15  lbs.  gage  pressure 


Turbo-Compressor  driven  by  Mixed  Pressure  Turbine 
Capacity   10,000  cu.  ft.  per  min.     100  lbs.   gage   pressure 

After  careful  investigation  the  Worthington  Company  liave  acquired  the 
exclusive  rights  for  the  manufacture  and  sale  on  the  American  continent  and  in 
the  Hawaiian  and  Philippine  Islands,  of  the  full  line  of  Turbo  Compressors  and 
Blowers  so  successfully  developed  by  Messrs.  Pokorny  &  Wittekind,  of  Frankfort, 
a.m.,  Germany, — and  are  in  position  to  build  and  supply  Turbo  Compressors 
and  Blowers  for  all  ranges  in  capacity  and  pressure  ordinarily  covered  by  recip- 
rocating machines. 

Purchasers  may  be  assured  that  this  line  of  Compressors  has  absolutely  passed 
beyond  the  experimental  stage.  It  has  produced  the  highest  economy  ever  at- 
tained and  has  thoroughly  demonstrated  that  it  is  the  most  practical  and  reliable 
apparatus  of  its  type  now  in  the  market. 

Full  information  and  estimates  will  be  furnished  promjitlv- 

W  206.8 
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Pumping  Machinery 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICH. 
STEAM  AND  POWER  PUMPING  MACHINERY 

MARSH    STEAM    PUMPS    AND   AIR   COMPRESSORS,  AMERICAN  SIMPLE  AND  COM- 
POUND PUMPS,  AMERICAN  POWER  PUMPS  AND  AIR  COMPRESSORS. 


.•»*. 


Mai'.sh  and  American  Steam  Pumps  are  of  the  "Simplex  Type  "  and  offer  the 
following  advantages  over  the  "Duplex"  type  built  by  other  manufacturer.-^: 

(a)  Having  fewer  parts  they  are  le.ss  liable  to  break-down. 

(b)  Making  only  half  as  many  strokes  and  stops  they  waste  less  steam. 

(c)  Having  only  two  steam  ports  as  compai'ed  with  eight  in  a  duplex  i)ump 
less  steam  is  wasted  in  the  ports. 

(d)  They  have  only  two  clearance  spaces  as  compared  with  four  in  the  duplex 
pump,  and  the  full  length  of  stroke  is  always  assured,  instead  of  being  variable 
as  in  the  duplex  type.  This  means  that  far  less  steam  is 
wasted  in  the  clearance  spaces. 
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Pump  in  (J  Machinery 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICH. 


OUR  LATEST  CATALOGUE  NO.  18  CONTAINS  NEARLY  200  PAGES  OF  ILLUSTRATIONS, 
DESCRIPTION,  AND  WORKING  DATA  COVERING: 

MARSH  PUMPS 


Air  and  Circulat  iiig  Pumps 

Air  and  Food  Pumps 

Air  Comprossors 

Air  Lift  Pumping 

Air  Pumps  (vac.) 

Automatic  Feed  Pumps  and  Receivers 

Automobile  Pumps 

Beer  Pumps 

Boiler  Feed  Pumps 

Brine  Pumps 

Combined  Air  and  Circulating  Pumps 

Combined  Air  and  Feed  Pumps 

Condensers,  Jet 

Condensers,  Surface 

Creamery  Pumps 

Deep  Well  Pumping  Engines 

Directions 

Drip  Pans 

Dry  \'acuum  Pumps 

Filter  Press  Pumps 

Fire  Pumps 

General  Service  Pumps 


High  Service  Pumps 

Hydraulic  Pressure  Pumps 

Hydraulic  Pumps 

Magma  Pumps 

Marine  Pumps 

Milk  Pumps 

Model  Pump 

Naphtha  Pumps 

Oil  Pump,  Special 

Plunger  Pumps,  Outside  Packed 

Power  Milk  Pumps 

Pumping  Outfits 

Pump  Stands 

Receiver  Pumps 

Sinking  Pumps 

Sugar  House  Pumps 

Sweet  Water  Pumps 

Tank  Pumps 

Traction  Engine  Pumps 

Vacuum  Pumps 

Vacuum  Pan  Pumps 

Water  Cylinders,  Deep  Well 

Yacht  Pumps 


AMERICAN  PUMPS 


Air  Compressors,  Power 

Heavy  Service,  Belted 

Light  Service,  Belted 

Motor  Driven 
Air  Compressors,  Steam 
Compound  Pumps 

Piston,  Heavy  Service 

Piston,  Light  Service 

Plunger,  Outside  Center  Packed 
Power  Pumps 

Heavy  Service,  Belted 


Heavy  Service,  Geared 
Light  Service,  Belted 
Light  Service,  Geared 
Motor  Driven 

Simple  Pumps 

Piston,  Heavy  Service,  Short  Stroke 
Piston,  Heavy  Service,  Long  Stroke 
Piston,  Heavy  Service,  Special 
Piston,  Light  Service,  Short  Stroke 
Piston,  Light  Service,  Long  Stroke 
Plunger,  Outside  Center  Packed 


New  York  Office,  Whitehall  Building,   17  Battery  Place 

Chicago  OflBce,  1220  Monadnock  Building 

Philadelphia  OflBce,  210  Harrison  Building 

Representatives  in  all  the  principal  cities   throughout  the  world. 
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Pumping  Machinery 


ADVANCE  PUMP  k  COMPRESSOR  CO. 

BATTLE  (TIEEK,  MICH. 
MONEY  SAVING   PUMPING  MACHINERY  ONLY 

DUPLEX  STEAM  PUMPS.     ELECTRIC-DRIVEN  POWER  PUMPS.      HIGHLY  EFFICIENT 
CENTRIFUGAL  PUMPING  MACHINERY  OF  EVERY  DESCRIPTION.     VACUUM  PUMPS. 


SPECIAL  CHARACTERISTICS.  EVERY  DUPLEX 
PUMP  IS  A  FULL  STROKE  PUMP  and  the  only  pump 
of  this  type  which  will  save  its  entire  cost  in  slightly  over 
one  year's  time,  by  the  saving  at  the  coal  pile.  CAN  NOT 
RLTN  AWAY  in  case  suction  is  broken  either 
with  or  without  p, 

load.  "'^ 

OUR  VALVE 
MOTION  is  of 
special  construc- 
tion, insuring 
LONG  LIFE  to 
this  part  of  the 
pump  which  for 
years  has  been 
the  chief  trouble 
with  duplex 
pumps. 


ADVANCE    PUMPING    MACHINERY    ALWAYS    MAKES    GOOD-NO 
EXPERIMENTS-NO  LOSSES-NO  REGRETS. 


■ 


ADVANCE 


■3y'-,,.  .V 


Ask  for 

Our    New 

Catalog 


Bring 
Us  Your 

Pump 
Troubles 


Advance   Centrifugal    Pump  Throwing   2800   Gallons   Per   Minute  for 
Irrigation 
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Pumping  Machinery 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

NEW  YORK,  N.  Y. 

DESIGNERS  AND  BUILDERS  OF  SIMPLEX  AND  COMPOUND  PISTON  AND  PLUNGER 
PUMPS  HORIZONTAL  AND  VERTICAL;  BOILER  FEED  PUMPS;  FIRE  PUMPS;  OIL 
LINE  PUMPS;  MINE  PUMPS;  STATION  PUMPS;  SINKING  PUMPS;  MARINE  PUMPS; 
PRESSURE  PUMPS;  AIR  PUMPS;  VACUUM  PUMPS;  SUCTION  AND  JET  CONDENSERS. 


REGULAR  PATTERN  FOR  GENERAL  SERVICE. 

Simplicity — The   Cameron    has   fewer   working  parts  than 
other  pumps. 

Durability  —  The  steam 
mechanism  consists  of  four 
stout  pieces  only.  None  of 
these  parts  are  delicate, 
intricate  or  exposed  to 
hazard  or  possible  injury. 

When  under  full  steam 
pressure  the  suction  is 
lowered  or  lost,  the  Came- 
ron can  be  operated  at  full 
speed  with  less  damage  or 
Sectional  View  of  Cameron  Regular  Pattern  Piston  Pump.  dano'er  of   the  piston  strik- 

ing the  cylinder  heads  than  any  other  pumps  on  the  market. 
No  Outside  Valve  Gear — The  steam  valve  movement  works  in  line  with 
the  piston  rod  without  the  intervention  of  arms  or  levers.  There  are 
no  rods  to  become  bent,  broken  or  get  out  of  alignment,  no  tappet  bars, 
rollers  or  clamps  to  adjust.  Therefore,  the  Cameron  can  be  run  at  a 
higher  speed  than  other  pumps  with  less  danger,  yet  increased  capacity. 
Stroke — A   Cameron    Pump    will    not    reverse   until    it    has   completed   its 

full  stroke. 
Wear — Every  Cameron  Pump  is  packed  to  compensate  for  wear. 
Maintenance  and  Repairs — The  Cameron  will  give  the  maximum  of  capacity 
and  ser\ice  with  the  minimum  cost  of  maintenance  and  repairs. 

DIMENSIONS    AND    CAPACITY    OF    CAMERON    REGULAR   PATTERN 
PISTON  PUMPS  FOR   GENERAL  SERVICE 
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Pumping  Ma  c  h  i  n  e  ry 


THE  DEMING  COMPANY 

SALEM,  OHIO,  U.  S.  A. 

New  Yokk  Office  and  Stock  :  152  Chambkhs  Strkkt 
SINGLE   AND   DOUBLE   ACTING    TRIPLEX    PUMPS;        ARTESIAN  WELL   PUMPS, 
FOR  OPERATION  BY  ELECTRIC  MOIORS,  GAS  OR  GASOLINE  ENGINES,   OR  BELT 
FROM  SHAFT. 


Fig.  50,  Size  7  x  8  to  8'  :  x  8.  Fig.  50,  Size  5'  ^  x  8  with  Type  "B"  Drive. 

FIG.  50,  STANDARD  SIZES,  CAPACITIES,  ETC. 


Plungers 

C 

A.PACITY 

DiAM.  OF  Pipes 

Maximum 
Working 

Gear 

Usual 

Tight  and 
Loose 
Pulleys 

Diam- 

Strok 

Gallons 

Revs. 

Gallons 

Pressure 

Suction 

Dischg. 

Ratio 

Inches 

In. 

per  Rev. 

per 

per  Min. 

Pounds 

Inches 

Inches 

Min. 

o 

2 

.081 

70 

5.67 

1.50 

11.; 

1 

5  to  1 

8x2 

2}  2 

2 

.127 

70 

8.89 

150 

I'a 

1 

5  to  1 

10x2 

2M 

3 

.19 

60 

11.4 

150 

2 

W2 

5  to  1 

12x3 

3 

3 

.27 

60 

16.2 

150 

2 

IVo 

5  to  1 

14x3 

3'^ 

3 

.37 

60 

00 

150 

2 

114 

5  to  1 

16x3 

3>^ 

4 

.50 

60 

30. 

150 

2' 2 

0 

5  to  1 

16x4 

4 

4 

.65 

60 

39. 

150 

■>!  .^ 

2 

5  to  1 

18x4 

4 

6 

.98 

60 

59. 

160 

2M 

2 

5  to  1 

20x5 

41^ 

6 

1.24 

60 

7.4. 

150 

3 

214 

5  to  1 

20x5 

5 

6 

1.53 

60 

9-. 

150 

3 

2y2 

5  to  1 

24x5 

5' 2 

8 

2.46 

60 

147. 

150 

4 

3 

5  to  1 

28x6 

6 

8 

2.94 

55 

161. 

140 

4 

3 

5  to  1 

30x6 

7 

8 

4.00 

55 

220. 

150 

5 

4 

5  to  1 

30x8 

8 

8 

5.22 

55 

287. 

150 

5 

4 

5  to  1 

36x8 

81.; 

8 

5.90 

55 

324. 

140 

6 

5 

5  to  1 

36x8 

9 

10 

8.26 

50 

413. 

160 

8 

6 

5  to  1 

42  X  10 

10 

10 

10.20 

45 

459. 

150 

8 

6 

5  to  1 

42x12 

12 

12 

17.62 

42 

740. 

150 

10 

8 

5  to  1 

48x16 

13 

14 

24.10 

40 

964. 

140 

12 

10 

5  to  1 

48x20 

FIG 

.  62,  CAPACITIES. 

Capacity 

tMax. 

Diam.  and 

Depth  <if 

Stroke  of 

Usual  Revs. 

Gallons 

Well, 

Cylinder 

per  Min. 

per  Min. 

Feet 

2H  X  10 

40 

10.2 

300 

2^i  X  16 

35 

14.3 

300 

2-^4  X  24 

28 

17.2 

3.50 

33.1  X  10 

40 

19.1 

175 

3M  X  16 

35 

26.7 

175 

3Mx24 

28 

32.1 

190 

4^x10 

40 

24.5 

130 

4Mxl6 

35 

42.9 

100 

4^x24 

28 

51.5 

120 

5Mx  16 

35 

62.9 

70 

5H  X  24 

28 

75.4 

80 

6Mx24 

28 

104.0 

60 

7Mx24 

28 

137.2 

45 

Fig.  324 
Artesian 

Well 
Cylinder 


T  Refers  to  a  vertical  distance  from  sur-  ^.      «„    <«  .      .    oi_  i 

face  of  water  to  point  of  deUvery.  ^'S-  62,  lO-inch  Stroke. 

Larojer  size.s  and  capacities.     Complete  data  upon  application. 

Complete  192-page  Power  Pump  Catalog  mailed  on  request. 
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Pumping  Machinery 


THE  GOULDS  MANUFACTURING  CO. 

SENECA  FALL8,  N.  Y. 

EFFICIENT  TRIPLEX  AND  CENTRIFUGAL  POWER  PUMPS 


Figure   1283 


Figure  920 


Figure  1364 


FOR  EVERY  SERVICE 

Boiler  Fcodinf-; 

Elevator  8(>rvice 

Circulating 

Semi  Fluid 

Drainage 

Irrigation 

Air  Pressure 

Fire  Service 

Chemicals 

General  Water  Supply 

Mines 

Pulp  Grinders 
Railway  Wafer  Stations 
Tank  Pumping 
Bleacheries 
Dye  Houses 
Tanneries 
Refineries 
Oil  Pipe  Lines 
Hydraulic  Presses 
Condenser  Service 
Sprinkler  Systems 
Filter  Presses 
Cyanide  Pumping 
Soap,  Tar,  Sewage 

Ask  for 

Bulletins  on  Pc^wer  or 

Hand  Pumps  for  any 

service  in  which  ^-ou 

are  interested 


Figure  924 


Figure  1009 


Figure  1590 


Figure  3oor,  No.  6 
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Puniping  Machinery 


MANISTEE  IRON  WORKS  CO. 

MANISTEE,  MICH. 

Sole  manufacturers  and  licensees  for  the  United  States  and  Canada  for  the 

REES  ROTURBO  PATENT  PRESSURE  CHAMBER  PUMP,  ROTARY  JET 

CONDENSER,  AND  AIR  PUMP. 


COMPARISON  OF  POWER  CURVES. 
j«.-ORDlNARY  TURBINE  CENTRIFUGAL  PUMP. 
.B-REES  -ROTURBO"  CENTRIFUGAL  PUMP. 
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The  distinctive  features  of  these 
pumps  are  shown  by  the  curves  given. 
The  H.P.  taken  by  the  Rees  Roturbo 
Pump  is  considerably  less  than  that 
taken  by  the  ordinary  turbine  Centrifu- 
gal pump.  This  is  shown  clearly  by  the 
difference  between  the  curves  "A"  and 
"B."  The  result  of  this  is  that  the  effi- 
ciency curve  of  the  Rees  Roturbo  is  sus- 
tained at  a  high  figure  over  a  wide  range. 

We  are  building  these  pumps  for  any 
service  and  type,  either  belt-driven, 
steam  engine,  electric  motor  or  tur- 
bine; also  for  pumping  to  any  height 


and  delivering  any  quantity  of  water  that  may  be  required. 


The  illustration  at  the  side  is  of  a  Rees 
Roturbo  High  Lift  Colliery  Pump  deliv- 
ering 60,000  gallons  per  houi".  570  ft. 
1140  r.p.m.     79%  efficiency. 


The  illustration  here  shows  a  Rees 
Roturbo  Low  Lift  Pump  delivering 
30,003  gallons  jier  hour.  28  ft.  head, 
900  r.p.m.     78%  efficiency. 


The  figure  here  shows  a  Rees  Roturbo 
Rotary  Jet  Condenser.  These  can  be 
driven  by  either  Electrical  Motors, 
Steam  Engines  or  Steam  Turbine. 

The  vacuum  attained  is  within  a 
fraction  of  an  inch  of  the  theoretical 
po.ssible.  The  condenser  is  extremely 
simple,  having  one  Rotating  Shaft  and 
impeller  only.  There  are  no  other 
moving  parts  whatever.  The  Rees 
Roturbo  Rotary  Air  Pump  is  on  the 
same  principle.     Full  details  and  quotations  on  application 
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Pumping  Machinery 


THOMAS  &  SMITH,  INC. 

IIG  N.  Carpenter  Street,  CHICAGO,  ILL. 

Agencies  in  all  Larger  Cities 
MaiiufactiiriTs  of 

"ECONOMY"   PUMPING  EQUIPMENT 


Motor  Driven  Centrifugal  Pump 


Belt  Driven  Centrifugal  Pump 


"  Economy  "  Centrifugals  are  made  in  single  and  multi  stage  for  any  capacity 
at  any  head,  both  belted  and  direct  connected  to  motor  or  engine.  They  are 
of  the  highest  grade,  having  machined  parts  and  castings,  and  are  being  used 
efficiently  for  pumping  liquids  containing  large  percentages  of  solids. 

The  "Economy" 
Automatic  Bilge 
Pump  o  r  Sewage 
Ejector  is  made  for 
any  capacity  at 
any  Head.  Either 
single  or  duplex 
aiTangement  for  the 
Submergible  or  Dry 
Basin  Type. 

They  are  also 
used  for  other  pm-- 
poses  such  as  pump- 
ing various  liquids 
from  retorts,  cis- 
terns and  tanks. 


Bilge  Pump  or  Sewer  Ejector 


"Economy"  Triplex  Pump 
Note  the  compact,  yet  sturdy  design.    Built  for 
heaTy  duty. 

11!) 


Automatic  Condensation  Pump  and  Receiver 


The  "  Economy "  Automatic 
Condensation  Pump  and  Re- 
ceiver is  connected  with  the 
return  line,  near  or  at  any 
distance  from  the  boiler  and  is 
especially  essential  where  there 
are  low  places  in  the  pipe  lines 
or  low  radiators  that  collect  the 
condensation. 

There  is  an  "Economy" 
Pump  to  meet  every  demand. 
Forty-three  different  designs. 

Write  for  complete  catalog 
and  a  set  of  specifications 
covering  each  type. 


Pumping  Machinery 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 

CENTRIFUGAL  PUMPING  MACHINERY.  STATIONARY  AND   MARINE    ENGINES    AND 
HYDRAULIC  DREDGES. 


i--i'C!^ 


Morris  Centrifugal  Pumps  are  simple  in  con- 
struction: they  have  only  rotary  parts,  perfectly 
Ijalanced,  no  reciprocating  parts  or  valves; 
require  small  space  and  foundation;  have  high 
efficiency;  are  equally  suitable  for  small  up  to 
very  large  capacities,  and  can  handle  sand  or 
solids  with  the  water  without  injurj^  These 
pumps  direct  connected  to  reciprocating  engines 
are  suitable  for  moderate  heads,  or  direct  con- 
nected to  electric  motor  or  steam  turbine  (or  belt 
driven)  for  high  heads.  For  heads  above  about 
100  feet,  pumps  are  built  in  stages. 

When  making  inquiries  for  pumps, 
fu  1  information  should  be  given — 
that  is,  quantity  desired,  head,  in- 
cluding friction  (or  give  actual  ele- 
vation and  length  of  suction  and 
disciharge  pilling),  type  of  pumj) 
desired,  how  driven — whether  belt, 
steam  engine,  electric  motor  (give 
electrio  current  characteristics),  ar- 
rangement of  suction  and  discharge 
openings  desired,  whether  right  hand 
or  left  hand,  etc. 

MORRIS  IMPROVED  STANDARD  IRON  HORIZONTAL  PUMP. 


*Sl«i 


No. 
Pump 
(Diam- 
eter 
Dis- 
charge 
Open- 
ing) 

Size  Pipe 

Eco- 
nomical 

Horse- 
Power 
Required 
Pulley, 
Foot 
Head 

Diameter 

and 
Face  ot 
puUey 

Floor 
Space 

Shipping 

Shipping 

Flange 

on 
Sucton, 

Caijacity, 
for  each 
Gallons 

Required 

in 

Inches. 

Weight 
Without 
Primer. 

Weight 

With 
Primer, 

No. 
Pump 

Inches 

per 
Minute 

Inches 

Without 
Primer 

Lbs. 

Lbs. 

11.^ 

2 

70 

.058 

6x    6 

17  X    31 

175 

220 

IH 

lU 

2 

90 

.075 

7x    8 

21  X    32 

260 

305 

IH 

2 

3 

120 

.10 

8x    8 

23  X    37 

350 

415 

2 

21^ 

3 

180 

.15 

8x    8 

24  X    38 

360 

430 

2Ji 

3 

4 

260 

.22 

8x    8 

25  X    39 

415 

495 

3 

4 

5 

470 

.30 

10  X  10 

29  X    41 

615 

720 

4 

5 

6 

735 

.45 

12  X  12 

34  X    54 

940 

1075 

5 

6 

8 

1050 

.59 

15  X  12 

37  X    55 

1180 

1345 

6 

8 

10 

2000 

1.00 

20  X  12 

45  X    64 

2065 

2430 

8 

10 

12 

3000 

1.52 

24  X  12 

51  X    69 

2610 

2940 

10 

12 

15 

4200 

2.00 

30  X  14 

63  X    71 

3615 

12 

15 

18 

7000 

3.50 

40  X  15 

77  X    80 

7100 

15 

1.5 

18 

7000 

3.50 

30  X  15 

60  X    68 

3150 

15 

18 

20 

10000 

4.50 

40  X  16 

93  X  103 

9000 

18 

18 

20 

10000 

4.50 

30  X  16 

66  X    72 

4835 

18 

20 

22 

12000 

5.40 

36  X  20 

73  X    83 

6800 

20 

22 

24 

13000 

5.50 

48  X  20 

126  X  130 

22 

24 

24 

15000 

6.50 

48  X  36 

94  X  137 

24 
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Dredyiny    Pumps 


MORRIS  MACHINE  WORKS 


We  build  CENTRIFUGAL  PUMPS  for  almost  any  service  and  of  all 
types,  including  side  suction  and  double  suction,  vertical  or  horizontal 
shaft.  STAGE  PUMPS  for  high  heads.  TWIN  PUMPS  for  large  capacities 
and  high  speeds.  Or  will  design  SPECIAL  PUMPS  to  suit  special  con- 
ditions. We  also  build  a  very  complete  line  of  STATIONARY  AND 
MARINE  ENGINES,  in  single  cyHnder,  compound  and  triple  expansion 
types. 

DREDGING  PUMPS. 

MORRIS  Dredging  Pumps  are  made  in  sizes  from  2"  discharge  and 
upward,  both  lined  and  unlined.  They  are  belt  driven  or  direct  connected 
to  steam  engines.  We  can  furnish  pumps  only  or  the  complete  dredge 
including  all  machinery. 


20"  HYDRAULIC  DREDGE  with  750  H.P.  MORRIS  Triple  Expansion  Engine,  Water  Tube 
Boilers,  Cutter  Machinery.  This  Size  Dredge  Has  an  Average  Capacity  of  250,000  Cubic 
Yards  of  Material  per  Month. 
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Piiiupinq  Mar/imery 


R.  D.  WOOD  k  COMPANY 

PHILADELPHIA,   PA. 

ENGINEER,  IRON  FOUNDERS  AND  MACHINISTS;  PUMPING  ENGINES  CEN- 
TRIFUGAL PUMPS,  HYDRAULIC  MACHINERY,  GAS  HOLDERS  AND  APPLIANCES, 
GENERAL  MACHINERY,  CAST  IRON  PIPE,  HYDRANTS  AND  VALVES,  GAS  PRO- 
DUCERS, GAS  WASHERS 


PUMPING  ENGINES 


Vertical  Triple  Expansion,  and  Direct  Acting  for  Water  Works,  Sewage, 
Irrigation  and  for  high  pressures.  High  duty  pumping  engines  of  both  the 
crank  and  fly  wheel  and  direct-acting  types.  Designed  to  combine  highest 
economic  duty  and  efficiency  with  greatest  reliability  and  utmost  simplicity. 

Estimates  and  drawings  (either  exact  or  preliminary)  furnished  upon 
application,  with  statement  of  requirements  to  be  fulfilled. 

CENTRIFUGAL  PUMPS 

Of  most  modern  design  and  highest  efficienc}',  for  Water  Works,  High 
Pressure  Systems,  Irrigation  and  general  service. 
Following  is  the  classification  of  our  Standard  Pumps: 

SERVICE 

Class  C.  Compound  Multi-stage  Pumps  for  High  Heads. 

Class  H.  High  Lift  Pumps,  Single  Stage,  40  feet  and  upwards. 

Class  .M.  Medium  Lift  Pumps,  Single  Stage,  20  to  40  ft. 

Class  L.  Low  Lift  Pumps,  Single  Stage,  0  to  20  feet. 

Class  D.  Dredging  Pumps,  Single  Stage,  0  to  60  feet. 

Class  T.  Pulp  Pumps,  Single  Stage,  0  to  40  feet. 

Class  Q.  Special  Pumps,  Single  Stage,  in  connection  with  above. 


CAST   IRON   PIPE 

Bell  and  Spigot  Pipe  from  1  inch 
to  84  inches  in  diameter,  Flange 
Special  deep  bell,  High  Pressure, 
Flexible  joint  for  submarine  work, 
and  every  form  of  pipe  and  special 
casting,  as  well  as  heavy  Loam 
Castings. 


HYDRAULIC  MACHINERY 

Hydraulic  Presses  of  every  description  for  the  heaviest  work.  Punches, 
Shears,  Riveters,  Intensifiers,  Hoists,  Pressure  Pumps,  Cranes,  Valves,  etc. 
etc.  For  the  majority  of  operations  to  which  hydraulic  power  can  be 
applied,  and  especially  those  requiring  very  great  force  exerted  through  a 
comparatively  short  stroke,  as  in  riveting,  punching,  shearing,  lifting, 
forging  and  flanging,  there  is  no  other  system  at  all  comparable  with  it  for 
efficiency,  uniformity,  simplicity  or  economy.  This  is  true  for  several 
reasons;  primarily  in  that  there  is  absolutely  no  motion  or  power  consumed 
except  in  the  act  and  at  the  moment  of  performing  the  desired  operation. 
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Producer  Gas  Plants,  etc. 


ii 
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R.  D.  WOOD  &  COMPANY 


HYDRANTS  AND   VALVES 

Fire  Hydrants,  Mathews  patents  for  standard  and  high  pressure.  Gate, 
Check,  Foot  and  Air  Valves,  Valve  Boxes,  Indicator  Posts,  Foot  Valve  and 
Intake  screens,  Hook  Racks,  etc. 

PRODUCER  GAS  PLANTS 

We  have  had  years  of  exoerience 
in  the  building  of  producers  for 
all  kinds  of  fuel  purposes  as  well 
as  for  power,  and  our  customers 
may  be  certain  of  securing  appara- 
tus suitable  to  their  requirements 
both  from  an  economic  and  oper- 
ating standpoint. 

Our  engineering  department  is 
at  your  service,  and  we  would  be 
pleased  to  have  our  representative 
visit  your  plant  and  give  full  de- 
tails. 


GAS  HOLDERS  AND  APPLIANCES 

Gas  holders  of  largest  dimensions  and  all  machinery  and  appliances 
relating  to  gas  works. 

SINGLE   OR  MULTIPLE  LIFT   GAS  HOLDERS 

With  or  without  steel  tanks. 

MITCHELL   SCRUBBER 

Matton  &  Mitchell  Self-Sealing  Mouthpieces,  Purifiers,  Condensers, 
Scrubbers,  Bench  Work,  Center  Seals,  Gas  Valves,  Lamp  Posts,  etc. 

GAS   WASHERS 

We  control  for  the  United  States  the  Theisen  Gas  Washing  Process,  which 
we  build  for  producer  and  blast  furnace  gas.  This  Process  was  adopted 
by  the  United  States  Steel  Company  at  Gary,  and  is  being  put  in  with  all 
their  new  construction.  It  delivers  the  gas  to  an  engine  cleaner  than  the 
air  in  the  mixture. 

GENERAL  MACHINERY 

Our  shops  are  well  equipped  for  building  large  machinery  of  every  de- 
scription, such  as  sugar,  chemical  and  similar  work. 

INQUIRIES 

For  Pipe  should  state  size,  kind,  approximate  quantity  and  weight  or 
pressure  under  which  they  will  be  used;  and  if  possible  the  mtended  service, 
also  delivery  desired. 
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Pumping  Ma c h i n e ry 


WILSON-SNYDER  IMFG.  CO. 

Genernl  Offici;  and  Works 

PITTSBURGH,  PA. 
STEAM  PUMPS         CENTRIFUGAL  PUMPS        ELECTRIC  PUMPS 


Rugged 


Readily  Accessible 


Accurate  Workmanship 


PUMPING  ENGINE  FOR  PIPE  LINE  SERVICE 
Normal  capacity  20,000  barrels  per  day  against  1000  lb.  pressure. 

Our  standards  are  based  on  long  sti'oke  as  the  cardinal  principle.  So  far  as 
possible  the  interchangeable  system  of  construction  has  been  adopted.  Bronze 
bushings  and  burrs,  for  example,  are  all  interchangeable.  We  need  hardly  dwell 
on  the  immense  advantage  which  this  system  offers.  Instead  of  waiting,  per- 
haps, weeks  for  the  making  of  a  trivial  repair  part,  you  have  merely  to  telegraph 
or  write  to  us  for  a  new  piece. 

PARTIAL  LIST  OF  WILSON-SNYDER  PRODUCTS 


Accumulators 

Air  Compressors 

Direct  Acting,  High  Pressure 

Air  Pumps 

Direct  Acting,  Independent  with  Jet 
Condenser 

Automatic  Steam  Regulating  Valve 

Automatic  Water  Regulating  Valve, 
for  Pump  Pit 

Boiler  Feed  Pumps,  all  types 

Centrifugal  Pumps 

Large  volumes,  low  heads 
Medium  volumes,  high  heads. 

Compound  Duplex  Pumps 

Piston,  Plunger,  Condensing,  Non- 
Condensing,  Hydraulic,  Vertical  and 
Horizontal 

Direct  Acting  Pumps 

Air,  Boiler  Feed,  Mine,  Piston, 
Plung(>r,  Tank  or  Light  Service 

Duplex  Power  Pumps,  all  services 

Duplex  Pumps,  for  all  services 

High  Duty  Pumj)ing  Engines 
Horizontal  Cross  Compound 
Vertical  Cross  Compound 
Vertical  Triple  Expansion 

Hydraulic  Compound  Duplex  Pumps 

Hydraulic  Crank  and  Flywheel  Pumps 


Indepcndi'ut  Wr  Pumps  and  Jet  Con- 
densers 
Direct  Acting,  Single 

Jet  Condensers 

Mine  Pumps 

Direct  Acting,  Duplex,  Centrifugal 

Piston  Pumps 

Direct  Acting,  Duplex 

Plunger  Pumps 

Compound  and  Duplex,  Triple,  Di- 
rect Acting 

Power  Pumps 

Duplex,  Triplex,  Vertical  and  Hori- 
zontal 

Regulating  Balanced  Valve  for  Accu- 
mulators 

Regulating   Valve   for    High    Pressure 
Pumps 

Steam  Separators 

Steam  Valves  for  Direct  Acting  Pumps 

Tank  or  Light  Service  Pumps 
Direct  Acting,  Duplex 

Tar  Pumps 

Triple  Expansion  Pumjjs 

Triplex   Power   Pumjjs   for   Hydraulic 
Service 

Vacuum  Pumps 

Vertical  Compound  Duplex  Pumps 

Vertical  Cross  Compound  Pumps 

Vertical  Triple  Expansion  Pum])s 
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Pump   Valves 


THE  HILL  PUMP  VALVE  CO. 

('HKUGO,  ILL. 

HILL  PUMP  VALVES  FOR  BOILER  FEED,  VACUUM,  ELEVATOR  AND 
MINE  PUMPS,  PUMPING  ENGINES,  TAR,  OIL  AND  BRINE  PUMPS 


The  only  valve  that  stays  efficient. 

Hill  Valves  always  seal  tight,  wear 
evenly  and  cannot  ride  on  the  bridges. 

Pumps  equipped  with  this  type  of 
valve  give  highest  possible  efficiency  and 
capacity  and  continue  to  do  so. 

Installation  of  Hill  Valves  increases 
a  pump's  efficiency  from  lo  to  so'^^. 

Made  in  all  sizes  2"  to  8"  diameter. 


c^oss, 


^'U  PUMP  VALVE 

^AT.  APR.    I3-I909 


CONSTRUCTION 

The  ronstruct ion  of  this  valve  is  shown  in  the  out.  The  valve  consists  of  a 
bronze  body  carrying  two  composition  seal  rings,  the  seal  rings  being  retained  in 
place  by  the  outer  and  inner  hps  of  the  body  and  by  a  concentric  wedge  ring. 
The  body  has  a  central  sleeve  bearing  which  fits  loosely  on  the  stem.  The  inner 
ring  does  not  come  in  contact  with  the  stem.  The  binder  ring  is  bronze  and  is 
held  to  the  vtdve  botly  by  brass  screws  and  lock  nuts.  All  similar  parts  of  valves 
of  the  same  size  and  type  are  interchangeable. 

The  valve  seat  has  three  ribs  except  in  the  larger  sizes.  The  ribs  of  the  seat 
are  not  required  to  support  the  valve  and  thus  the  lesser  number  increase  the 
area  of  the  waterway,  and  greatly  decrease  the  friction.  The  bridges  are  machined 
below  the  seating  surface  so  that  the  water  stands  above  them  even  when  the 
valve  is  on  its  seat . 

The  valve  stems  are  Tobin  bronze.  The  upper  end  is  threaded  for  the  spring 
cap  and  lock  nut.     The  spring  cap  is  grooved  to  center  the  spring. 

The  spring  is  made  of  a  superior  grade  of  phosphor  bronze  wire  of  suitable 
tension  to  seat  the  valve  properly. 

The  lift  of  the  valve  is  such  as  to  give  a  free  waterway  area  equal  to  or  slightly 
in  excess  of  the  free  waterway  area  of  the  seat. 

Many  pumps  have  seats  which  conform  sufficiently  to  the  Hill  Valve  to  obviate 
the  necessity  of  changing  seats. 

For  fvirther  information  address  the  Hill  Pump  Valve  Co.,  Chicago. 
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Hydraulic   Turbines 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS. 
WATER  WHEELS  AND  GEARING 

SHAFTING  AND  MILL  WORK,  PUMPS,  HYDRAULIC  PRESSES,  PAPER  AND  WOOD 
PULP  MACHINERY.  ETC. 


Horizontal  Turbine  Vertical  Turbine 

WATER  POWER  DEVELOPMENTS 

The  Holyoke  Machine  Co.  has  complete  engineering  and  manufacturing 
facilities  for  the  development  of  water  power  plants  of  all  kinds.  We  are  pre- 
pared to  furnish  designs  and  machinery  of  standard  or  special  pattern,  and  are 
always  glad  to  bid  for  work  in  our  line.  The  services  of  our  engineering  staff  are 
always  at  the  service  of  prospective  purchasers. 

We  manufacture  Boyden  and  Hercules  Turbine  Wheels,  both  vertical  and 
horizontal,  with  flumes  and  all  connections.  Water  Wheel  Governors  and  Head 
Gates  to  suit  all  conditions  and  all  necessary  gears,  shafts,  pulleys,  and  Mill  Work. 

BEVEL,  MITER  AND  SPUR  GEARS 

Our  gears  are  made  of  Charcoal  Iron  of  such  mixture  as  insures  maximum 
strength  and  durability,  making  them  far  superior  to  Gears  made  from  ordinary 
Anthracite  Iron.  Our  collection  of  gear  patterns  is  one  of  the  largest  in  the  coun- 
try, and  all  patterns  are  kept  in  first-class  condition.  We  have  pattern-makers 
constantly  employed  in  making  new  gear  patterns,  and  can  usually  furnish  gears 
from  special  patterns  to  order  in  a  short  time. 

PLANED  GEARS.  For  many  years  we  have  made  a  specialty  of  Planed 
Gears,  and  with  large  facilities  for  such  manufacture,  we  are  prepared  to  furnish 
both  Bevel  and  Spur,  Angle  and  Mortise  Gears,  finished  with  exactness  and 
promptness.     Catalog  on  request. 

OTHER  PRODUCTS 

Other  manufactures  of  the  Holyoke  Machine  Company  include:  Improved 
Paper  Machinery  and  Machinery  for  Wood  Pulp  Mills,  Cotton,  Paper,  and 
Husk  Rolls.  Chilled  Iron  Rolls,  Machinery  for  Bleacheries  and  Dye  Works, 
Rotary  Fire  Pumps,  and  Friction  Drives,  Power  Pumps,  Hydraulic  Presses  and 
Pump. 

Special  Machinery  and  Iron  Castings  of  every  description  made  to  order. 
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Tlydrdulic    Turbine  Apparatus 


RODNEY  HUNT  MACHINE  COMPANY 

ORANGE,  MASS.,  U.  S.  A. 

TURBINE  WATER  WHEELS,    FLUMES.   PENSTOCKS,    CANAL   AND    RESERVOIR 

GATE  APPARATUS.  ROTARY,  TURBINE  AND  CENTRIFUGAL  PUMPS. 

HEAVY  POWER  TRANSMISSION  EQUIPMENTS,  TEXTILE 

WET  FINISHING  MACHINERY 


HUNT  IMPROVED  DRAW  BAR  GATE  APPARATUS 

This  illustration  shows  the  adaptability  of  im- 
proved apparatus  in  connection  with  our  Hunt- 
McCorniick  Turbines  when  mounted  on  a  horizontal 
shaft.  The  sliding  draw  bar,  extending;  thru  the 
packing  bearing  with  brass  bushing  located  in 
bracket  casting  riveted  to  outside  of  cylindrical 
flume,  is  provided  with  a  machine  cut  cogged  rack 
on  outer  end.  A  small  spin-  gear  operates  the  draw 
bar  rack  and  a  larger  spur  gear  on  the  same  shaft  has 
a  pin  clutch  on  the  side.  The  main  gate  shaft,  extending  over  the  clutch  spur  gear, 
operates  same  with  small  pinion  spur  gear  so  that  engaging  or  disengaging  operation 
of  the  gearing  when  running  is  readily  and  quickly  effected  by  use  of  a  pin  clutch. 

HOISTING   AND   HEAD  GATE    APPARATUS 

Having  one  of  the  largest  assortments  of  both 
Hoisting  Apparatus  and  Head  Gate  Apparatus,  we 
are  able  to  offer  designs  meeting  practically  every 
requirement  both  for  Gates  and  Hoisting  Mechan- 
isms. Also  Wood  Bulk  Head  Gates,  etc.  See  Cata- 
log 29,  Section  H-G. 

ROTARY  FIRE  PUMPS 
(National  Standard  Type  A  and  B) 

The  water  passages  are  made  larger  than  in  pumps 
hitherto  built.  In  order  that  it  may  start  instantly 
at  all  times,  the  working  cams  and  water  casings  are 
made  of  solid  brass.  The  shafts  are  very  heavy,  with 
liberal  bearings.  Fittings  include  a  pressure  valve, 
a  relief  gauge  and  cone,  a  priming  pipe  and  valve,  a 
starting  valve,  two  to  six  hose  valves,  and  a  capacity 
plate. 

POWER  TRANSMISSION  FRICTION  GEARS 

Our  heavy  duty  Grooved  Friction  Gears  are  of 
substantial  design  throughout.  The  spring  yoke 
press  frames  with  angular  split  bearings  ensure  even 
distribution  of  pressure  over  the  full  face  of  both 
gears.  Also  angle  of  grooves  gives  high  efficiency 
results.  Approved  and  accepted  by  the  Under- 
writers for  fire  pump  service. 

TURBINE    AND    CENTRIFUGAL    PUMPS 

Our  Turbine  Pumps  are  especially  adapted  for 
operating  by  electric  motors.  Proper  provision  for 
every  requirement  for  such  pumps  is  made  in  our 
design.  Absence  from  vibration  readily  tested  by 
balancing  a  coin  on  casing  when  in  operation. 

Our  Centrifugal  Pumps  are  constructed  with 
special  reference  to  durability  and  long  service,  and 
are  adapted  for  practically  every  requirement. 
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Hydraulic    Turbines 


J.  k  W.  JOLLY 

HOLYOKE,  MASS.,  U.  S.  A. 

HORIZONTAL  AND   VERTICAL  TURBINES 


McCormick  Cylinder  Gate  Turbines,  Horizontal  Type, 
in  Steel  Flume 


We  build  turbines  in  all  sizes  and  styles,  both 
cylinder  and  swing  gates,  to  meet  ordinary  condi- 
tions, and  design  new  wheels  to  meet  special 
conditions  of  power  and  speed.  We  guarantee 
results  in  all  cases.  We  would  call  particular  at- 
tention to  the  efficiency  curve  shown  below,  which 

was  plotted  from  results  shown  by  the  official  test  sheet.  This  wheel,  when 
tested  in  the  flume  of  the  Holyoke  W^ater  Power  Co.,  was  mounted  on  a  horizon- 
tal shaft,  and  discharged  through  a  quarter-turn  elbow  and  draft  tube,  thus 
giving  results  under  actual  worldng  conditions. 

Note  that  constant  speed  is  maintained  at  all  stages  of  power. 


McCormick  Vertical 
Turbines 
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We  also  build  Headgates  complete  with  operating  mechanisms   of  various 
designs  for  gates  opening  either  vertically  or  horizontally. 
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Hydraulic  Tiirhines 


I.  P.  MORRIS  COMPANY 

HYDRAULIC  DEPARTMENT 
PHILADELPHIA,  PA. 

SPECIALISTS  IN  THE  DESIGN  AND  CONSTRUCTION  OF  HIGH  CLASS,  HIGH 
POWER  AND  HIGH  EFFICIENCY  HYDRAULIC  TURBINES 
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22,500  H.  p.  TURBINE 

Two  units  furnished.    Head,  i68  ft.    Speed  200  R.  P.  M. 
Most  Powerful  Water  Turbines  in  existence 


The  I.  P.  Morris  Company  in  1851  built  its  first  hydraulic  turbines,  which  were 
used  continuously  by  the  Water  Works  Department  of  Philadelphia  until  super- 
seded by  the  present  filtration  system,  in  1908. 

Since  these  first  turbines  were  built,  the  art  of  turbine  design  has  reached  the 
perfection  shown  by  the  accompanying  extract  from  the  Report  of  the  Holyoke 
Water  Power  Company,  on  an  experimental  runner  tested  in  April,  1912.  This 
runner  holds  the  record  for  efficiency  at  the  Holyoke  testing  flume. 


Gate 

Head 

R.P.M. 

Horse-power 

Efficiency 

4 

17.52 

232 

102.53 

79.41 

3.5 

17.58 

229.75 

101.54 

84.43 

3.0 

17.40 

232 

94.1 

88.01 

2.65 

17.44 

233.75 

90.57 

90.62 

2.5 

17.48 

225.25 

84.51 

89.61 

2.00 

17.75 

233.33 

64 .  27 

84.98 

1.25 

18.32 

227.75 

34.47 

73.05 

Since  the  I.  P.  Morris  Company  began  active  construction  of  hydraulic  tur- 
bines, it  has  designed  and  built  turbines  aggregating  1,148,725  horse-power,  of 
which  273,725  horse-power  has  been  contracted  for  within  the  past  eleven  months. 

Inquiries  for  turbines  req\iiring  special  design  will  be  given  every  attention. 
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Balanced  Valves 


AMERICAN  BALANCE   VALVE  CO. 

JERSEY  SHORE,  PENNA. 

BALANCED  VALVE  SPECIALISTS 

Since  1890 

DISTRIBUTION  VALVES 


SEMI-PLUG  Pii^ton  Valves  for  Superlieated  Steam  or  Saturated  Steam  of  anj' 
Pressure  up  to  1000  Pounds. 

Tlicse  Valves  are  Frictionless,  are  Steam-tight  and  REMAIN  SO.  They  are 
Maintained  by  DUPLICATE  parts  from  STOCK.  V^hen  under  Pressure  this 
Valve  is  a  PLUG  and  when  without  Pressure  it  is  a  Snap  Ring  Valve. 

Can  be  fitted  to  any  Piston  Valve  Engine. 

The  Jack  Wilson  High  Pressure  Double-Ported  Slide  Valve  for  Pressures  up  to 
240  ll:)s.  and  Sup(n-lieat  to  600°  F. 


BALANCED  in  all  positions  of  travel.  Double  Admission,  Double  Exhaust 
and  made  for  Internal  or  External  Admission. 

Can  be  fitted  to  any  Slide  Valve  Engine. 

When  Designing  or  Repairing  Engines,  you  should  investigate  these  Modern 
Balanced  Valves. 
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Boiler  Furnaces 


THE  BURKE  FURNACE  COMPANY 

CHICAGO,    ILL. 

APPARATUS  FOR  SMOKELESS  COMBUSTION 
OF  BITUMINOUS  FUELS 


Easy 
To    Opprato 

No 

Complicated 

Mechanism 

to 

Got  Out 

of 

Order 


Cross  Section  Through  Furnace 


THE  BURKE  FURNACE 


The  Burke  Furnace  is  of  the  gravity  feed  type  and  consists  of  a  basket  grate 
covered  by  a  fire  brick  arch.  Coal  is  fed  to  the  feed  pockets  at  the  sides  of  the 
arch,  cokes  on  the  slanting  side  grates  and  when  more  fuel  is  needed  moves  toward 
the  center  grates,  the  fresh  fuel  taking  its  place  on  the  coking  grates. 

The  coking  process  being  continuous,  the  volatile  gases  (the  smoke  makers)  are 
distilled  gradually  and  therefore  in  such  small  quantity  at  a  time  that  it  is  possible 
to  supply  the  amount  of  air  needed  for  combustion.  The  necessary  high  tempera- 
ture is  maintained  by  means  of  the  fire  brick  arch.  As  the  coked  coal  is  moved 
toward  the  center  of  the  furnace  the  green  coal  falls  down  below  and  behind  it,  so 
that  the  gases  liberated  from  the  fresh  coal  must  practically  pass  through  a  bed  of 
incandescent  fuel,  wherein  they  are  heated,  mixed  with  the  air  coming  up  through 
the  gi-ates,  and  burned  without  smoke  and  with  very  high  efficiency. 

Actual  trials  have  shown  a  saving  as  high  as  35%  over  ordinary  settings. 

The  great  losses  due  to  inrush  of  cold  air  when  doors  are  opened  for  firing  are 
avoided  in  the  Burke  Furnace,  as  no  fuel  is  fed  through  the  front  doors.  These 
are  for  cleaning  purposes  only.  As  it  is  thus  possible  to  maintain  a  practically 
constant  temperature  in  the  boiler  setting,  the  enormous  wear  and  tear  on  boiler 
and  brickwork,  due  to  expansion  and  contraction  with  changing  temperatures,  is 
successfully  eliminated. 

The  cost  of  installation    and  operation    is  much  lower 


Water  Tube  Boiler  with  Burke  Furnace 
A  Typical  Burke  Furnace  Installation 


than  that  of  any 
mechanical  stoker, 
yet  the  results  ob- 
tained will  stand 
comparison  with 
the  best  on  the 
market. 

The  Burke  Fur- 
nace is  no  experi- 
ment ;  hundreds  are 
in  daily  use  through- 
out the  United 
States  and  Canada. 
Send  for  catalogue. 


Soot  Blowers 


DIAMOND   P0WP:R  SPECIALTY  CO. 


1534  Monroe  Building 

CHICAGO 


Main  Office  and  Factory 

70  First  St.,  DETROIT 


722  Singer  Building 

NEW  YORK  CITY 


SOOT  BLOWERS  FOR  ALL  STANDARD  BOILERS 


1.    Rear-End  Design— For  Return  Tubular  Boilers 


• — have  l)(H'ii  developed 
through  15  years  of 
experience  in  this  field. 
These  Diamond  Soot 
Blowing  Systems  are 
permanently  attached 
to  the  boiler — enabling 
the  engineer  to  keep 
his  heating  surfaces 
free  from  soot  at  all 
times,  by  a  simple 
mechanical  steam- 
scouring  action. 


OVERCOMING  SOOT 

The  wasteful  action  of  soot  deposits 
— both  in  lost  heat  and  in  boiler  depre- 
ciation —  make  necessary  a  positive 
method  of  overcoming  this.  In  meet- 
ing this  need  these  Soot  Blowers  pro- 
duce nil  imjiortant  economy  in  the 
plant. 


2.    Front-End  Design— For  Fire  Tube  Boilers 


3.    For  "Manning"  Boilers 


CLEANING  FIRE  TUBE  BOILERS 

Horizontal  Return  Tubidar  Boilers  are  cleaned  from 
either  rear  or  front  end.  Tlie  "Diamond"  "Single  Tele- 
scopic Jet"  (see  Fig.  1),  "Swinging  Arm,"  and  "Re- 
volving 5-Hole"  Designs — are  Rear  End  Designs.  Fig. 
2  shows  the  "Front  End"  Blower — open  for  inspection. 

Vertical  Fire  Tube  Boilers — "Manning"  Type — are 
cleaned  from  top  as  shown  in  Fig.  3.  Either  "Swinging 
Arm"  or  "Telescopic  Jet"  designs  are  applied  here. 
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Soot  Blowers 


DIAMOND  POWER  SPECIALTY  CO. 


Bour,-<c  UU\ii. 

rHILADKLPUlA 


•122  Fulton  Hide. 

I'lTTSBUHCIl 


Suite  4,  19  Pearl  St. 

BOSTON 


SOOT  BLOV/ERS  FOR  ALL  STANDARD  BOILERS 


CLEANING  WATER  TUBE 
BOILERS 

Soot  is  cleaned  from  the  almost  in 
accessible  points  in  many  designs  o 
water  tube  boilers — by  special  "Dia- 
mond" Blowers.  These  are  now 
being  used  in  a  wide  range  of  plants 
on  such  t3'pes  of  boilers  as  the  follow- 
ing: "Hollow  Stay  Bolt,"  "Wickes" 
(see  Fig.  4),  "Stirling"  (see  Fig.  5), 
and  Babcock  and  Wilcox. 


OUR  ENGINEERING  SERVICE 

From  comjilete  files  of  plans  and 
specifications  covering  hundreds  of 
makes  of  boilers,  our  Engineering 
Department  is  able  to  co-operate 
with  you  promptly  in  considering  the 
proper  Soot-Blowing  System  for  any 
particular  installation.  You  should 
take  advantage  of  this. 

Send  for  detailed  literature. 


DRAFT  REGULATION 

The  regulation  of  the  air  supply  in 
a  furnace  is  automatically  taken 
care  of  by  the  "Diamond"  Damper 
Regulator  which  opens  and  closes  the 
drafts  as  required.     (See  Fig.  6.) 


4.    Cross-section  showing  application  to 
"Wickes"  Boilers 


6.    "Diamond"  Damper  Regulator 
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Oil  Engines 


BUSCH-SULZER  BROS. -DIESEL 
ENGINE  COMPANY 

ST.  LOUIS,  MO. 
THE  DIESEL  ENGINE  MANUFACTURERS 


These  engines  are  the  most  economical  prime  movers  known. 

Use  crude  or  cheapest  grade  fuel  oils  or  distillates. 

Do  not  require  heating  up  to  start. 

Have  no  electric  or  hot  tube  igniters. 

Combustion  gradual — no  explosion;  smooth  running  and  evenness  of  speed 
thereby  secured. 

Fuel  fed  automatically  from  fuel  tank  into  combustion  chamber  and  amount 
injected  governed  by  load  on  engine. 

Start  cold  and  pick  up  full  load  in  a  few  minutes — stopped  as  readily — cut 
out  stand-by  losses. 

None  of  the  auxiliaries  of  steam  or  gas  producer  plants. 

Operate  in  parallel  alternating  or  direct  current  generators. 


134 


Oil  Engines 


BUSCH-SULZER  BROS. -DIESEL 
ENGINE  COMPANY 

ST.  LOUIS,  MO. 
THE  DIESEL  ENGINE  MANUFACTURERS 


Our  Diesel  Engines  jjroduce  jjower  at  lower  cost  than  any  known  prime 
mover;  for  instance,  will  develop  electric  current  at  1-2  cent  or  less  per  Kilowatt 
Hour;  pump  water  at  2-10  of  a  cent  per  1,000  Gallons  at  50  pounds  pressure  and 
make  ice  at  18  cents  a  Ton. 

Sold  under  the  broadest  kind  of  guarantee. 

Economize  space.  No  coal  yards,  bins,  ash  dumps  or  fuel  handling  space 
needed.  Less  building  to  keep  up  and  pay  taxes  on  or  more  space  for  factory, 
warehouse  or  shipping  room. 

No  smokestacks — no  smoke,  soot  or  dirt — most  clean  and  sanitary  power  plant 
liuilt. 

Over  100  satisfied  users  in  the  U.  S.  will  tell  you  about  the  Busch-Sulzer  Bro:;. — 
Diesel  engine. 

Write  for  details,  cost  of  installation,  operation  and  tests. 

By  agreement  with  Dr.  Diesel  this  company  has  e.xclusive  right  to  his  inven- 
tions, improvements  and  advisory  engineering  services  for  the  U.  S.  and  Canada. 


Diesel  Engine  Plant,  Gorham  Mfg.  Co  ,  Providence,  R.  I. 
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DE  LAVAL  STEAM  TURBINE  CO. 

TRENTON,  N.  J. 

STEAM  TURBINES,  SINGLE  AND  MULTI-STAGE,  FOR  ALL  SERVICES.  CENTRIFUGAL 
PUMPS,  SINGLE-STAGE  AND  MULTI-STAGE,  FOR  ALL  CAPACITIES  AND  ALL  HEADS. 
CENTRIFUGAL  BLOWERS  AND  AIR  COMPRESSORS,  AND  SPECIAL  CENTRIFUGAL 
MACHINERY. 


inaohinep,  rolling  niill.^ 


De  Laval  Steam  Turbines  are  built  for 
direct  connection  to  alternators  and  other 
high  ppeed  machinery,  and  also  in  con- 
nection with  the  De  Laval  Speed  Re- 
ducing Gear  for  driving  standard-speed, 
direct -current  generators,  centrifugal 
pumps,  centrifugal  blowers,  and  for  rope 
and  belt  drives;  also  for  driving  paper 
hoists  and  othcn-  slow  and  moderate  speed  machinery. 


The  De  Laval  Single-stage  Steam  Tur- 
bine is  the  most  efficient  of  all  turbines 
for  the  range  of  sizes  from  5  H.P.  to  600 
H.P.  One  and  the  same  turbine  can  be 
fitted  with  nozzl(>s  for  any  steam  con- 
ditions.    Send  f<;r  Catalog  A. 


The  De  Laval 
Multi -velocity- 
staged  Steam  Tin- 
bine  gives  high 
efficiency  in  non- 
condensing,  back 
pressure  or  low 
pressure     service. 

By  reason  of  the  multiple  stages,  it  may  be  applied  without  gears  to  the  direct 
driving  of  small  direct-current  generators,  centrifugal  pvunps  and  blowcn-s,  etc. 
All  internal  parts  are  accessible  upon  lifting  the  casing  cover,  and  without  dis- 
connecting steam  or  exhaust  piping.  All  wearing  parts,  such  as  blades,  guide 
vanes  and  nozzles,  are  easily  replaced  at  small  expense.     Send  for  Catalog  F. 

De  Laval  Multi-stage  Turbines  are  of 
the  "multi-cellular"  type,  consisting  of 
a  series  of  De  Laval  Wheels  in  separate 
chambers.  Through  using  the  proper 
turbine  speeds,  made  possible  by  the 
gear,  the  number  of  stages,  the  length  oi 
shaft  and  complexity  have  been  mini- 
mized. The  wheels  are  enclosed  in 
an  impenetrable  steel  armor.  These 
turbines  are  built  in  all  sizes  above  500 
H.P.     Write  for  Catalog  D. 

De  Laval  Centrifugal  Pumps  are  built  in  both  single-stage  and  multi-stage 
types  and  with  horizontal  and  vertical  shafts  and  in  all  capacities  and  for  all 
heads.  De  Laval  Centrifugal  Pumps  are  distinguished  by  the  fact  that  all  wear- 
ing parts  are  removable  and  replaceable, 
including  bearings,  shaft  sleeves,  impel- 
lers, labyrinth  packing  rings,  etc. 
All  internal  parts  may  be  removed  upon 
lifting  the  casing  cover,  and  without  dis- 
connecting suction  or  discharge  piping. 
Send  for  Catalog  B. 
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Revolulion  Counters 


THE  VEEDEK    MANUFACTURING   CO. 

HARTFORD,  CONN. 

MAKERS  OF  CYCLOMETERS,  ODOMETERS,  TACHOMETERS,  TACHO- 
DOMETERS,  COUNTERS  AND  FINE  DIE  CASTINGS. 


Veeder  Clutch  Speed  Counter 


No.  14  Ratchet  Counter 
(Cut  Full  Size) 


COUNTERS  AND  TACHOMETERS 

Absolutely  reliable  instruments  for 
the  indication  of  ypocd  or  the  recording 
of  output  from  machines. 

Essential  in  Scientific  Management 

for  tlie  Piece  Work  Records. 

ELEVATOR  MILEAGE 

Recorders    which   we   furnish  make 

it  possible  to  keep  satisfactory  records 

of  service  and   upkeep. 

Counters,  both  ratchet  and 
revolution,  for  practically  every 
purpose.  Especially  suitable  for 
use  on  Punch  Presses,  Voting 
Machines,  Cash  Registers,  Slot 
Machines,  Railway  Semaphores, 
Xeo-styles,  Telephone  Pay  Sta- 
tions and  Automatic  Machinery. 
We  illustrate  only  two  of  our 
many  styles. 

VEEDER  FORM  C  TACHOM- 
ETERS 

The  Form  C  Tachometer  is  a 
jjortable  instrument  for  indicat- 
ing revolutions  per  minute  of 
dynamos,  motors,  shafting,  etc. 
The  only  moving  part  is  the 
paddle  wheel  in  the  centrifugal 
pump.  This  has  radial  blades 
and  hence  indicates  when  run 
in  either  direction.  When  pad- 
dle is  revolved,  the  liquid  is 
forced  out  of  pump  and  up  the 
indicating  tube  by  centrifugal 
force. 

FINE  DIE  CASTINGS 

When  accurately  made  parts 
are  wanted  in  large  quantities, 
they  may  be  manufactured  most 
economically  by  casting  to  their 
finished    size   and    shape.     Our 
alloy  has  a  tensile  strength  of  about  15,000  lbs.  and  compres- 
sive strength  of  20,000  lbs.      It  is  about  equal  in  strength 
to  aluminum  or  cast  iron. 

Complete  Catalogue  on  request. 
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No.  4  Revolution  Counter 
(Cut  Full    Size) 


1«% 


Form    C   Tachometer 


Water  Softeners  and  Purifiers 


WM.  GRAVER  TANK  WORKS 

209  La  Salle  St.,  CHICACU),  ILL. 

BARTLETT-GRAVER  WATER  SOFTENER  AND  PURIFIER  FOR  GENERAL  BOILER, 
INDUSTRIAL  AND  DOMESTIC  PURPOSES.     STEEL  TANKS  AND  PLATE  WORK 


Type  AG. 


Type  BW. 


Type  B. 


In  softening:  and  i^urifyinfr  water  the  BARTLETT- 
GRAVER  WATER  SOFTENER  and  PURIFIER 
U8e.s  the  standard  "Porter-Clark"  process  which  con- 
sists of  adding  hme  and  soda  ash  to  the  hard  water  to 
precipitate  tlie  hardening  ingredients.  These  pre- 
cipitated sohds  are  removed  from  the  water  by  sedi- 
mentation and  subsequent  filtration. 

Tlie  apparatus  is  automatic  and  continuous,  the 
chemical  being  addosd  to  the  water  in  proportion  to 
the  amount  of  water  treated,  the  flow  of  the  water 
being  uninterrupted  and  the  amount  of  water  entering 
the  system  being  the  same  as  the  amount  of  softened 
water  withdrawn . 

The  chemicals  are  used  in  the  form  of  suspension 
and  are  prejiared  once  in  twelve  hours.  They  are 
accurately  proportioned  by  means  of  the  Bartlett- 
Graver  Displacement  System  in  which  no  mechanical 
device  comes  in  contact  with  the  chemicals.  To  this 
feature  is  due  the  accuracy  of  the  apparatus. 

The  precipitated  solids  fall  to  the  bottom  of  the 
settling  tank  from  where  they  are  periodically  with- 
drawn through  the  sludge  piping.  A  filter  is  located 
at  the  top  of  the  settling  tank  to  remove  any  precipi- 
tate which  does  not  settle. 

The  softener  is  built  with  two  types  of  filter  de- 
jiending  upon  the  class  of  service  demanded.  Excel- 
sior is  used  as  a  filtering  mediimi  in  one  tyi)e  and 
crushed  quartz  in  the  other.  The  quartz  filter  is 
etjuipped  with  reverse  air  wash  system  which  auto- 
matically removes  the  accumulated  sludge. 

The  apparatus  is  built  in  four  types,  the  difference 
between  them  being  the  position  of  the  chemical  tank 
and  the  source  of  power.  In  type  "A"  the  power  is 
derived  from  a  water  wheel  operated  by  the  incoming 
water,  the  chemical  tank  being  located  at  the  t<,p  of 
the  apparatus.  Tj'pe  "AG"  is  the  same  with  the  ex- 
ception of  a  second  chemical  tank  being  located  upon 
the  ground  level.  In  type  "B^\  "  the  chemical  tank 
is  located  upon  the  ground  level,  all  power  for  agitat- 
ing and  pumping  the  chemical  being  derived  from  an 
over-shot  water  wheel  which  is  connected  by  vertical 
shait  to  the  lower  operating  parts.  In  type  "B"  the 
chemical  tank  is  located  upon  the  ground  level,  the 
power  necessary  to  drive  the  apparatus  being  derived 
from  either  an  electric  motor  or  small  engine. 

A  complete  catalogue  thoroughly  describing  this 
apparatus  will  be  mailed  upon  request. 
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Water  Softeners  and  Purifiers 


FETTA  WATER  SOFTENER  CO. 

RICHMOND,  INDIANA 

THE  FETTA  SYSTEM  OF  WATER  SOFTENING 
FOR  POWER  PLANTS,  LAUNDRIES  AND  DOMESTIC  USE 


This  system  consists 
of  our  regular  equipment 
of  tank,  filters,  economi- 
zer, stick  chemical  feeder 
and  fccnl  water  control. 
\\'e  also  show  in  the 
illustration  a  feed  water 
heater  attached.  Where 
no  steam  is  available, 
this  system  also  treats 
water  cold.  There  are, 
however,  many  decided 
advantages  in  the  hot 
process. 

The  distinctive  and 
superior  features  are: 

(a)  The  Stick   Chemical 
Distributor. 

(b)  The   Well  Arranged 
Precipitating  Tanks. 

(c)  The   P ernianent 
Quartz  Sand  Filters. 


(d) 


The   Fetta   Feed 
Water  Control. 


By  this  arrangement 
we  produce  soft  water 
with  the  least  possible 
amount  of  chemicals  and 
deliver  the  water  at  tem- 
peratures as  high  as  180° 
F.  This  means  economy 
in  size  of  plant,  amount 
of  chemical,  and  fuel 
consumed. 

The  supply  of  cold 
water    is    intermittent, 

thus  making  possible  a  The  Fetta  Economizer  Sj-stem 

proper  settling  of  precipitated  impurities,  but  the  delivery  of  soft  water  is  con- 
tinuous. This  system  therefore  combines  the  advantages  of  the  "Intermittent" 
and  "Continuous"  systems. 

It  is  an  established  fact  that  scale  forming  salts  in  hard  water  are  more  readily 
acted  upon  by  chemicals,  and  thrown  down,  when  the  water  is  at  a  high  tempera- 
ture, than  when  treated  cold.  This  means  that  the  action  is  more  rapid  and  com- 
plete, and  that  the  treating  can  be  made  much  smaller  than  would  otherwise  be 
possible,  at  the  same  time  giving  better  results.  All  of  these  advantages  are 
secured  in  the  Fetta  System. 

Complete  information  regarding  the  Fetta  System  of  Water  Purification,  and 
Bulletins  describing  special  features  mailed  on  request. 

139 


Boiler  Tube  Cleaners 


FHE  WM.  B.  PIERCE  COMPANY 

43  N.  J)ivisi()N  Street,  BTTFFALO,  N.  Y 

TUBE  CLEANERS  AND  FLUE  GAS  ANALYZERS 


For  Removing  Scale  from  Return  Tubular 
Boilers 


For  Removing  Scale  from  Water  Tube 
Boilers 


THE  DEAN  BOILER  TUBE  CLEANER 

The  Detin  is  designed  for  re- 
moving scale  from  the  tubes  of 
water  tube  and  return  tubular 
boilers,  locomotives,  condensers 
and  evaporators.  For  operating 
in  the  curved  tubes  of  Stirling 
l:)oilers  and  the  Arch  tubes  of  loco- 
motives the  cleaner  is  built 
shorter  than  the  stimdard  Dean 
and  is  barrel-shaped,  thus  permit- 
ing  its  passing  around  the  bends. 

The  Dean  is  operated  by  air  or 
steam  and  cleans  from  10  to  30 
tubes  an  hour.  It  removes  scale 
by  the  well  known  principle  of 
vibration.  By  a  series  of  light, 
rapid  taps,  the  force  of  which  may 
be  regulated  regardless  of  the  pressure  employed,  it  loosens  the  scale  from  the 
tube.  In  return  tubular  boilers  the  scale  falls  off  in  showers.  In  water  tube 
boilers  the  loosened  scale  is  broken  into  chimks  by  the  cutting  edges  of  the 
vibrator  (see  Fig.  2)  and  driven  out  by  the  exhaust. 

In  cleaning  the  tubes  of  water  tube  boilers  the  Dean  will  i)rove  far  superior 
to  any  other  means  in  thoroughness  of  work  and  durability.  And  besides  re- 
moving the  scale  it  will  remove  the  hard  baked  soot,  which  cannot  be  removed 
by  any  other  means. 

The  same  cleaner  by  changing  vibrators  may  be  used  in  water  tube  and  return 
tubular  boilers.  At  a  small  additional  cost  extra  attachments  making  the  cleaner 
suitable  for  operating  in  two  or  more  different  sizes  can  be  furnished. 

The  Dean  is  a  tube  inspector  as  well  as  a  tube  cleaner  and  di.scloses  leaks,  but 
does  not  produce  them. 

It  also  shows  th(>  fallacy  of  the  use  of  the  compounds. 

For  further  information  write  for  Booklet  No.  130. 

We  also  manufacture  Cias  Analyzers  for  determining  C02  O  and  CO. 

Write  for  catjiiogue. 
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Boiler  Graphite 


THE  UNITED  STATES  GRAPHITE  CO. 

SAGINAW,  MICH.,  U.  S.  A. 

MINERS  OF  GRAPHITE  AND  MANUFACTURERS  CF  GRAPHITE 

PRODUCTS 


Sections  of  Old  Scale  Removed  from  a  Feed 
Water  Heater  After  Being  Softened  and  Broken 
Down  by  U  S  G  GO'S  MEXICAN  BOILER 
CtRAPHITE. 


U.  S.  G.  CO.'S  MEXICAN  BOILER  GRAPHITE 

Loosctix  Old  Scale  by  working  t  lirough 
the  minute  cracks  and  checks  (caused 
by  the  uneciiial  expansion  and  con- 
traction of  metal  and  scale)  and  de- 
jwsiting  itself  on  the  inner  surfaces  of 
tubes  and  shell,  with  the  result  that 
tlie  scale  no  longer  adheres  tenaciously 
and  niaj'  be  removed  with  compara- 
tive ease. 

Prevents  Formation  of  Hard  Scale  by 
its  fine  particles  becoming  distributed 
amongst  the  particles  of  scale.  The 
graphite  being  a  lubricant  prevents  the 
;  cale  particles  from  adhering  tightly  to 
(*ach  other.  The  scale  is  thus  kept  in  a 
loose  condition  and  may  be  easily  re- 
moved. 

Has  No  Chemical  or  Electrical  Effect 
l^ecause  the  action  of  graphite  (which 
is  carbon  in  its  most  inert  form)  is  en- 
tirely MECHANICAL.  This  means  that  there  will  be  no  pitting  of  the  boiler 
from  chemical  action  or  from  electrolysis.  Foaming  cannot  be  caused  by  use  of 
r  S  G  CO'S  MEXICAN  BOILER  GRAPHITE. 

Cannot  Be  Carried  Over  By  the  Steam. 

Being  insoluble  IT  S  G  CO'S  MEXICAN  BOILER  GRAPHITE  cannot  under 
normal  conditions  pass  out  of  the  boiler  with  the  steam.  For  certain  industrial 
processes,  such  as  Brewing,  Laundrys,  Ice  Plants,  etc.,  this  quality  is  very  de- 
sirable and  important. 

Is  Equally  Suitable  For  All  Feed  Waters. 

Since  it  acts  MECHANICALLY  instead  of  chemically,  IT  S  G  CO'S  MEX- 
ICAN BOILER  GRAPHITE  may  be  used  successfully  with  any  feed  water. 
This  does  away  with  the  expense  of  analyzing  feed  waters  and  keeping  on  hand 
a  number  of  different  compounds  to  suit  different  feed  waters. 

Not  All  Graphite  Can  Be  Applied 
For  This  Purpose,  because  the  graphite 
used  must  not  only  be  a  very  pure 
form  of  carbon  but  also  of  a  nature 
suitable  for  lubrication.  All  forma- 
tions of  graphite  are  not  pure  carbon, 
nor  are  they  all  good  lubricants.  More- 
over, graphite  to  work  successfully  in 
a  boiler  should  be  ground  to  an  unusual 
degree  of  fineness  to  insure  its  constant 
circulation  through  the  boiler.  Besides 
it  must  be  very,  very  fine  in  order  to 
work  into  and  disintegrate  old  scale. 
U  S  G  CO'S  MEXICAN  BOILER 
GRAPHITE  is  such  a  product .  It  has 
a  record  and  a  reputation. 

Put  up  in  100  lb.  Kegs  and  Barrels 
(about  3.50  lbs.). 

Snid  for  Testimonials  and  Booklet 
•■//." 


Only  14  lbs.  of  Soft  Scale  was  found  in  a 
300  h.p.  Wickes  Vertical  Water  Tube  Boiler 
after  Six  Weeks'  Operation  without  Cleaning. 
During  this  period  U  S  G  CO'S  MEXICAN 
BOILER    GRAPHITE   was   used  regularly. 
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Pipe  Fiit'uKjs 


ILLINOIS  MALLEABLE  IRON  CO. 

1801-25  DIVERSEY  PARKWAY,  CHICAGO,  ILL. 
THE  NOKOROS  PATENT  UNION 


The  only  Union  made  absolutely  NON-CORROSIVE  at  all  contact  points. 
Non-corrosive  Brass  to  Iron  thread  connection. 
Non-corrosive  Brass  to  Iron  seat  between  ring  and  tail-piece. 
Octagon  shape,  a  monkey  wrench  will  turn. 


.       Va 

Vs 

'A 

M 

1 

IM 

VA 

2 

2A 

3 

Plain,  each 

Galvanized,  each.  .  . . 

.      .19 
.      .23 

.22 
.26 

.27 
.34 

.40 
.49 

.48 
.60 

.06 

.82 

.80 
1.10 

1.14 
1.40 

2.10 
2.75 

2  65 
3.50 

THE  COMPRESSION  DISC  PATENT  UNION 


Heavy  Pattern  Air  Furnace  Malleable  Iron  with  Brass  Valve  Seated  Disc. 
The  face  of  each  threaded  section  is  beveled  to  receive  a  brass  disc,  and  the  con- 
necting up  of  the  union  COMPRESSES  the  brass  DISC  against  the  recesses, 
making  a  permanent  steam  metal  seat. 


M 

Vs 

A 

Vi 

1 

V4 

13-2 

2 

2V2 

3 

.30 

.45 

.40 

.60 

.50 
.75 

.60 
.90 

.80 
1   20 

1.20 
1.80 

1.60 
2.40 

2.00 
3.00 

3.20 
4  80 

4  80 

Galvanized,  each 

6.20 

THE  NEW  IMICO  PATENT  UNION 


New  Imico  Unions  are  made  of  non-corrosive  malleable  iron,  extra  heavy, 
with  bronze  metal  valve  seated  disc  and  non-corrosive  ring  connection. 


Size,  inches 

M 

Vs           A 

H 

1      1  IM 

lA 

2            2A 

3 

Plain,  each 

Galvanized,  each 

.30 

.45 

.40         .50 
.60         .75 

.60 
.90 

.80 
1  20 

1.20 
1.80 

1.60 
2.40 

2.00 
3.00 

3.20 
4.80 

4.80 
7.40 

Also  Mfgr's  of 
MALLEABLE  and  CAST  IRON  FITTINGS 

Write  for  Catalogue 
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Valves  and  Fittings 


THE  KELLY  &  JONES  CO. 

GREENSBURCl,  I'A. 

IMamifacturors  of 

BRASS  AND  IRON  PIPE  FITTINGS,  BRASS  AND  IRON  VALVES, 

COCKS,  ETC. 

FOR  STEAM,  GAS,  WATER,  AIR  AND  OIL 


Cast  Iron  Fittings 


"  Excelsior  "  Valves 
Brass — High  Pressure 


^ 


Brass  Wedge  Gate 
Valves 


CAST  IRON  FITTINGS 

All  styles,  screwed  or  flanged 
for  all  pressures. 

All  K.  &  J.  cast  iron  fittings 
are  made  of  the  best  grade  iron, 
threads  cut  true  to  standard 
gauge  and  each  fitting  recessed. 


MALLEABLE  FITTINGS 

All  styles — for  all  pressures. 
Plain,  beaded  or  flat  band. 

BRASS  FITTINGS 

Screwed  or  flanged,  rough  or 
finished  —  standard  or  extra 
heavy. 

DRAINAGE  FITTINGS 

Oui'  line  of  special  recessed  fit- 
tings for  wrought  iron  drainage 
systems  has  been  in  satisfactory 
use  for  years. 


BRASS  VALVES 

We  make  a  brass  valve  for 
every  purpose  and  each  valve  a 
perfect  product.  Only  the  best 
grades  of  raw  material  used  and 
each  valve  thoroughly  tested  to 
pressure  recommended. 

IRON*  BODY  VALVES 

Our  line  of  iron  body  valves 
is  most  complete.  We  make 
every  .style  and  for  all  pressures. 

SEND  FOR  COMPLETE  CATALOG 
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Malleable  Fittings 


Jenkins  Disc  Brass 
Valves 


Iron  Body  Wedge  Gate 
Valves 


Rotary  Gate  Valves 


JOHN  SIMMONS  COMPANY 

104-110  CENTRE  STREET,  NEW  YORK,  N.  Y. 
IRON  PIPE,  FITTINGS  AND  VALVES 


ROTHCHILD   ROTARY    GATE   VALVES 

The  severe  conditicnis  governing  the  suc- 
cessful operation  of  the  high-pressure  steam 
plant  of  today  demand  valves  that  will  oper- 
ate quickly  and  positircli/  will  not  leak  or 
stick  and  will  stand  up  under  the  hardest 
strains. 

That's  where  the  Rothchild  Rotary  Gate 
Valve  comes  in! 

It  is  a  Hard  Service  Valve  any  way  you 
take  it,  especially  as  a  boiler  Blow-off.  It 
is  so  radically  different  from  other  valves 
that  it  is  in  a  class  all  by  itself.  Take  a  good 
look  at  the  accompanying  cut  and  see  for 
yourself. 

First  of  all  note  the  simplicity — The  gates 
are  entirely  surrounded  by  uniform  pres- 
sure and  automatically  take  up  their  own  wear  by  pressiii-c   alone — making  a 
perfect  seat  that  simply  cannot  leak  or  stick. 

There  is  no  undue  strain  on  the  seating  parts  and  the  gates  are  held  in  the 
best  position  when  fully  open  or  closed,  by  jiositive  stops — in  view  of  the  oper- 
ator. 

There  are  many  other  good  points  about  the  Rothchild  that  we  will  not  attempt 
to  tell  here.  Let  us  send  you  our  booklet  describing  it  in  detail.  Equally  good 
for  Steam,  Water,  Ammonia,  Gas,  Air,  Oil  or  other  Fluids.     Hot  or  Cold. 

Send  for  our  general  catalogue,  showing  full  line  of  pipe,  fittings,  tools,  valves 
and  sj)ecialties  for  the  steam  and  plumbing  sup])ly. 

DIMENSIONS  AND  WEIGHTS  OF  ROTHCHILD  ROTARY  GATE 

VALVES 


External  View 


^.  ,      Face  of  Inlet  to 
'  ^^'^'               Centre  of  Valve 

1 

Face  of  Outlet  to 
Centre  of  Valve 

Weight 

1^  inch 

U  " 

2  " 
2i  " 

3  " 

21  inch 
2f  ■• 
31  " 
5f  " 
6f  " 

2i  inch 

2f  " 
3i  " 
41  " 
4|  " 

61  lbs. 

12i  " 

23   " 

83f  " 

123   " 
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Packings 


CLEMENT  RESTEIN  COMPANY,  INC. 

PHILADELPHIA,  U.  S.  A. 
BELMONT  HOLLOW  CENTER  PACKING 


Belmont  Hollow  Cente    Packing,  Style  No.  19 


This  is  a  recently  perfect etl  steam  and 
hj'ciraulic  packing,  which  is  made  with  a 
"Hollow  Center,"  for,  while  the  hole 
weighs  nothing  and  therefore  costs 
nothing,  this  hole  is  really  something  of 
groat  importance. 

Belmont  Hollow  Center  Packing, 
Style  No.  19,  a  ring  of  which  is  here 
shown,  has  several  important  advan- 
tages over  all  solid  packings  of  either 
the  square,  round  or  wedge  construc- 
tion. In  removing  the  old  style  "rubber 
core"  and  making  this  material  with  a 
hollow  center  the  manufacturers  have 

achieved  remarkable  results.  First,  having  a  hollow  center,  it  weighs  much  less 
than  the  solid  packings,  and  price  per  pound  being  the  same,  the  cost  for  packing 
a  given  rod  or  plunger  is  much  less.  More  important  than  this,  however,  is  the 
fact  that  the  hole  provides  a  place  for  all  excessive  expansion  or  swelling,  with 
the  result  that  there  positively  can  be  no  more  friction  on  the  rod  or  plunger 
than  is  necessary  to  withstand  the  initial  pressure.  Nor  can  it  become  tight 
enough  on  the  rod  or  plunger  at  any  time  either  from  undue  gland  pressure  or 
swelling  to  run  hot  and  "burn." 

The  hollow  center  packing  is  in  a  way  automatic  in  its  action  under  the  chang. 
ing  conditions  and  does  not  require  constant  and  careful  attention  to  make 
it  last  long  and  give  satisfaction.  The  secret  of  its  success  lies  in  the  hollow 
space  which  provides  for  all  conditions  of  both  expansion  and  contraction.  For 
example,  when  a  solid  or  wedge  shape  packing  begins  to  swell  and  expand  from 
absorption  of  steam  or  hot  water,  extreme  temperature  or  for  any  other  reason, 
it  immediately  becomes  tight  on  the  rod  or  plunger,  causing  excessive  friction 
which  quickly  wears  away  the  packing.  At  this  point,  if  the  expansion  is  not 
entirely  out  and  the  Engineer  neglects  to  loosen  the  gland  nuts,  its  continued 
swelling  is  quite  apt  to  cause  the  packing  to  run  hot  and  burn. 

The  action  of  the  Hollow  Center  packing  under  these  conditions  is  quite 
different.  The  hole  provide.^  a  place  for  this  excessive  swelling  or  expansion  and 
instead  of  becoming  tight  on  the  rod  or  plunger,  the  swelling  goes  to  the  hole 
or  point  of  least  resistance.  Result — no  excessive  friction — packing  does  not 
wear  away  quickly — cannot  become  hot  and  burn. 

It  is  recommended  for  steam,  ammonia  and  oils,  for  elevator  plungers,  hot  and 
c;)Id  water  pumps  and  all  conditions  of  hydraulic  service  where  a  stuffing-box 
packing  is  required.  It  is  particularly  efficient  on  outside  packed  boiler-feed 
pumps  for  hot  water  where  much  trouble  is  experienced  with  solid  packings  on 
account  of  excessive  swellings.  Try  it.  Your  initial  trial  order  will  be  filled  with 
a  positive  guarantee  to  give  you  satisfaction  or  no  pay.  May  we  have  a  trial 
order  under  these  conditions?  Booklet  illustrating  and  fully  describing  Belmont 
Hollow  Center  Packing  for  the  asking. 
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Steam  Traps 

NASHUA   MACHINE  COMPANY 

NASHUA,  N.  H.  BOSTON,  MASS. 

NEW  BUNDY  STEAM  TRAPS 

Manufactured  under  Littlefield  Patents 


120  SERIES,  NEW  BUNDY  RETURN  TRAP 


Used  to  automatically  feed  boilers,  to  return 
condensation  to  boilers,  to  relieve  steam  mains, 
heating  coils,  etc.,  to  protect  property,  and  to 
increase  the  efficiency  of  steam  using  apparatus. 

Works  up  to  175  lbs.  pressure. 


30  SERIES,  NEW  BUNDY  SEPARATING  OR  TANK  TRAP 


New  Bundy  Separating  or  Tank  Traps  are 
designed  to  separate  water  from  steam  and  arc 
used  for  draining  separators,  headers,  cylinder 
jackets,  cooking  apparatus,  steam  coils,  etc. 
Discharging  direct  to  the  atmosphere  or  into  hot 
well,  heater,  or  tank. 

Works  up  to  140  lbs.  pressure. 


90  SERIES,  NEW  BUNDY  SEPARATING  OR  TANK  TRAP 


In  this  series  we  produce  a  machine  of  superlative 
quality.  No  amount  of  expense  has  been  spared  in 
our  efforts  to  place  this  trap  at  the  head  of  the  class 
as  a  high  pressm'e  tank  trap  and  one  that  can  be 
offered  to  the  purchaser  under  a  positive  guarantee 
covering  both  strength  and  efficiency  and  the  per- 
formance of  work  under  conditions  of  the  hardest 
possible  kind. 

Works  up  to  250  lbs.  pressure. 


We  also  manufacture  Vacuum  Traps  and  Lifting  Pump  Traps 
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Steam  Traps 


NASHUA   MACHINE  COMPANY 


120  SERIES, 

NEW  BUNDY  RETURN 

STEAM  TRAPS 

Pipe  Connections 

Lhs.  of  Water 
Delivered   to 

Drainage 
Capacity 
in  Feet  of 
1  in.  Pipe 

No. 

Water 
Inlet  and 

Steam 
Inlet, 

Holler  per  lir., 
based  on  00 
Onerations, 

Shipping 
Weight 

Outlet,  Inches 

Inches 

Normal 

Capacity 

120 

3 
4 

3 
4 

800 

4,500 

160 

121 

1 

1 

1,380 

6,000 

200 

122 

u 

U 

2,100 

10,000 

290 

123 

n 

u 

2,520 

20,000 

353 

124 

2 

u 

4,080 

40,000 

544 

12.5 

n 

u 

8,. 520 

56,000 

973 

126 

3 

2 

15,000 

75,000 

1,412 

128 

4 

2 

42,000 

100,000 

3,200 

30  SERIES,  NEW  BUNDY  SEPARATING  OR  TANK  TRAP 


Capaeitv  in  Lbs. 

Pipe  Connections 

of  Water  Dis- 

1-inch Pipe 

Shipping 

No. 

charged  per  Hour 
at  50  Lbs. 

Drained 
Lineal  Feet 

Inlet, 

Outlet, 

Weight 

Inches 

Inches 

Pressure 

31 

3 

8 

3 

8 

2,520 

3,500 

107 

32 

h 

h 

3,540 

7,500 

133 

33 

3 
4 

3 

4 

5,460 

15,000 

192 

34 

1 

1 

9,120 

25,000 

240 

35 

If 

u 

13,200 

32,000 

292 

36 

n 

u 

16,500 

40,000 

350 

37 

2 

2 

27,240 

60,000 

587 

38 

n 

21 

39,600 

90,000 

905 

39 

3 

3 

49,500 

120,000 

1,475 

90  SERIES,  NEW  BUNDY  SEPARATING  OR  TANK  TRAP 


No. 

Pipe  Connections 

Capacity  in  Lbs. 

of  Water  Discharged 

per  Hour  at  150 

Lbs.  Pressure 

Inlet,  Inches 

Outlet,  Inches 

Weight 

91 
92 
93 
94 
95 

3 

8 

h 
3 

4 

1 
11 

3 

8 
1 
2 
3 
4 

1 
1| 

3,720 

8,100 

14,100 

24,600 

36,800 

128 
151 
235 
269 
362 

The  30  series  Separating  or  Tank  Trap  will  work  under  any  pressure  up  to 
140  lbs.,  and  the  above  capacities  are  based  on  what  they  will  do  under  50  lbs. 
pressure,  with  a  condensation  ratio  of  6  to  8  oz.  per  lineal  foot  per  hour.  The 
90  series  will  work  up  to  250  lbs.  and  their  capacities  are  calculated  on  150  lbs. 
The  quantity  of  water  that  may  be  handled  by  these  traps  will  vary  directly  with 
the  given  capacities,  according  as  the  pressure  may  increase  or  decrease. 


BUNDY  TRAP  RECEIVERS 


No. 

Length 

Height 

Diameter 

No.  of 
Inlets 

Size  of 
Inlets 

Size  of 
Outlets 

Si^e  of 
Blow  0(T 

1 

33  in. 

10  in. 

71  in. 

4 

1    in. 

1     in. 

1  in. 

2 

33    " 

11  " 

8i   " 

4 

U    " 

U    " 

3 

33    " 

12    " 

9i   " 

4 

U   " 

H    " 

1     (1 

4 

33    " 

13    " 

lOi   " 

4 

2      " 

2      " 

1     " 

5 

41    " 

15    " 

m  " 

4 

2i    " 

2i    " 

1     " 

6 

42    " 

18    " 

15     " 

4 

3      " 

3      " 

1      u 
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Steam    Kiujines 

THE  VILTER  MANUFACTURING  CO. 

.MILWAUKEE,     WIS. 


CORLISS  ENGINES,  COMPLETE  POWER  PLANTS. 
REFRIGERATING  AND  ICE  MAKING  MACHINERY, 
BREWERS'    MACHINERY,    BOTTLERS'  MACHINERY 


Duplex  Ammonia  Compressov  driven  by  Cross  Compound  Corliss  Engine 


CORLISS     ENGINES 

Vilter  Corliss  Engines  are  equipped  with  an  improved  releasing  gear  givirg 
high  economy  in  steam  con.sumption  and  reducing  the  wear  on  the  reciprocating 
parts.  They  are  of  the  horizontal  type,  built  in  all  sizes  from  25  H.P.  up  and 
furnLshed  with  either  Girder,  Heavy  Duty  or  Rolling  Mill  Type  Frames  to  suit 
individual  load  conditions  and  steam  pressures.  They  are  either  Simple,  Tandem 
or  Cross  Compound,  condensing  or  non-condensing. 

Excellent  results  are  obtained  where  our  Corliss  Engines  are  used  to  drive 
our  doul)le-acting  ammonia  compressors.  They  are  also  admirably  adapted 
for  driving  air  compressors.  For  driving  direct  connected  electric  generators 
at  higher  rotative  speeds  the  only  change  necessary  is  to  equip  them  with  our 
high  speed,  close-regulating  governors. 

All  the  refinements  necessary  to  meet  the  exacting  demands  of  modern  steam 
engineering  practice  in  a  i)rime  mover  of  this  kind  are  incorporated  in  our  designs. 
Steam  and  exhaust  valves  are  double-parted  and  our  cylinder  castings  are 
constructed  with  a  single  passage  for  the  admission  and  exhaust  at  each  valve. 
Cylinder  clearance  is  reduced  to  a  minimum.  The  steam  and  exhaust  valve 
mechanisms  are  driven  by  either  single  or  double  eccentrics,  the  latter  permitting 
a  longer  range  of  cut-off  and  greater  overload  capacity.  Every  part  of  our 
engine  is  designed  with  the  idea  of  improving  its  mechanical  efficiency  and  of 
giving  the  highest  economy  in  every  day  operation. 
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Ammonia  Compressors 


THE  VILTER  MANUFACTURING  CO. 


Ammonia  Compressor  driven  by  Tandem  Compound  Corliss  Engine 

AMMONIA     COMPRESSORS 

Our  ammonia  com]iressors  of  i\\c  horizontal  double-acting  type  are  built 
in  consecutive  cylinder  sizes  ranging  from  0"  x  12"  to  24"  x  48".  Sizes  13"  x  2G" 
and  larger  are  also  built  in  duplex  units  of  from  125  tons  to  750  tons  refrigerating 
capacity.  All  sizes  are  steam  driven  by  our  direct  connected  Corliss  Engines. 
They  are  also  adapted  for  driving  by  belt  or  rope  transmission. 

The  design  of  our  compressors  is  remarkably  free  from  complication  and 
the  construction  is  such  that  long  life,  satisfactory  service  and  freedom  from 
trouble  is  assured.  Careful  attention  is  given  to  exactness  of  workmanship 
during  the  building  of  our  compressors,  and  no  detail  of  construction,  however 
slight,  passes  inspection  unless  the  workmanship  is  up  to  standard. 

The  cylinder  and  piston  construction  have  special  merit.  The  piston  takes 
the  form  of  an  elongated  sphere,  presenting  a  large  bearing  surface  to  the  cylinder 
walls.  The  cylinder  heads  are  finished  in  comformity  with  this  design  and  are 
turned  to  a  true  half  sphere  to  conform  to  the  shape  of  the  piston,  resulting  in 
maximum  strength  and  very  small  clearance  spaces.  This  construction  also 
gives  the  largest  attainable  valve  area  and  permits  the  use  of  multiple  suction 
and  discharge  valves  in  each  cylinder  head. 

Every  detail  of  our  construction  is  fully  described  and  illustrated  in  our  bul- 
letins, which  we  shall  be  glad  to  send  to  those  interested. 

SMALL  BELT-DRIVEN  SINGLE-ACTING  COMPRESSORS 

Our  small  vertical  single-acting  ammonia  com- 
pressors are  of  the  enclosed  tj'pe,  arranged  for 
belt  connection  to  an  electric  motor,  gas  or 
gasoline  engine,  line  shaft,  or  small  steam 
engine.  They  are  designed  with  particular 
attention  to  the  requirements  of  users  of  small 
ice-making  and  refrigerating  plants.  The 
fewest  possible  number  of  units  and  rigid  con- 
struction insures  perfect  alignment  and  the 
least  amount  of  wear  on  the  moving  parts. 
Particular  attention  has  been  given  to  the 
mutter  of  automatic  lubrication,  accessibility 
for  inspection  and  adjustment,  and  elimina- 
tion of  every  troublesome  element. 

We  are  prepared  to  furnish  this  tj'pe  of  com- 
j)ressor  in  the  following  cylinder  dimensions, 
viz :  4"  X  6",  5"x  6",  6"x  8",  7"x  8",  8"  x  9"  and  9"  x  9" 
and  to  furnish  full  information  relative  to  each 
size.  These  compressors  are  rated  at  from 
one  to  fifteen  tons  refrigerating  capacity  and 
are  also  furnished  in  duplex  units  with  a  single 
belt  wheel. 
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Vertical  Enclosed  Type  Single- 

Acting  Ammonia  Compressor 

forBelt  Drive 


Insulating  Materials 


UNION  FIBRE  COMPANY 

WINONA,  MINNESOTA 

WATER-PROOF  LITH,  UNION  CORK  BOARD,  FOR  INSULATION  OF  COLD  STORAGE 
PLANTS,  BREWERIES,  ICE  HOUSES,  ETC.;  LINOFELT  FOR  REFRIGERATOR  CARS, 
ICE  HOUSES,  ETC. 


WATER -PROOF  LITH  is  an  insulating  board  made  of 
Patent  \\'ater-proof  Rock  Wool  and  Degummcd  Flax  Fibres. 
It  is  furnished  in  the  form  of  a  board  which  can  be  handled  and 
sawed  like  lumber.  These  boards  are  exactly  1<S"  x  48"  in 
area,  and  of  any  thickness  from  one-half  inch  to  three  inches. 
It  is  claimed  that,  as  compared  with  other  insulating  ma- 
terials, Water-proof  Lith  offers  imi)ortant  advantages  as 
follows : 

First       — It  has  highest  efficiency  as  a  non-conductor. 
Second  — It  is  strong  and  easily  handled. 
Third     — It  will  sustain  considerable  weight. 

■ — It  will  not  disintegrate 

- — It  is  uniform  in  composition. 

— It  will  not  absorb  moisture  and  has  no  capillary 
attraction. 


Fourth 

Fifth 

Sixth 


The  usual  method  of  applying  Lith  in  brick  or  concrete  buildings  is  to  set  up 
the  boards  either  in  one,  or  preferably  two,  layers,  coating  each  board  with  a 
water-proof  compound,  and  on  the  interior  surface  of  the  room  covering  the  in- 
sulation with  Portland  Cement  Plaster.  Frequently  each  course  is  imbedded  in 
Portland  Cement  Plaster  against  the  wall  in  the  same  manner  that  tile  are  erected. 

UNION  CORK  BOARD  is  composed  of  the  best  quality  of  pure  granulated 
cork,  each  granule  being  treated  at  a  high  temperature  and  then  instantly  coated 
with  a  special  water-proof  mixtm-e,  then  moulded  into  sheets  and  sawed  to  di- 
mensions. Each  granule  of  cork  retains  its  full  insulating  value  and  each  one  is 
water-proof. 

Union  Cork  Board  i  <  not  burned  in  the  process  of  manufacture,  neither  is  there 
any  comj^ression  applied  to  the  boards  beyond  that  which  is  necessary  to  make 
a  close  union  of  all  particles. 

Coi'k  Boards  are  erected  for  the  purposes  of  insulation  just  like  Water-proof 
Lith  Boards  described  above. 

LINOFELT  is  a  quilt  insulation  of  de- 
gummed  flax  fibre  manufactured  by  a 
special  patent  process  from  flax  straw. 
The  flax  fibre  is  stitched  between  two 
thicknesses  of  90-lb.,  3-ply  black  water- 
proof paper  to  make  the  completed  article, 
Linofelt. 

FELTLINO  is  an  insulating  board 
made  of  selected  flax  fibre,  strong,  light  of 
weight  and  high  insulating  value.  The 
boards  are  3  feet  wide,  8  feet  long  and  of  any  thickness  from  \  inch  to  1§  inches. 

Linofelt  and  Feltlino  are  both  widely  used  for  insulating  refrigerators.  These 
two  forms  of  insulation  are  adapted  to  ice  houses  and  other  wooden  structures 
where  low  cost  is  essential. 

The  Union  Fibre  Company  maintains  a  Construction  Department  and  con- 
tracts to  erect  its  insulation  in  any  place.  This  Department  has  for  the  benefit 
of  engineers  data  with  regard  to  insulation  and  sketches  of  the  different  methods 
of  application  to  overcome  particular  problems.  Any  of  these  will  be  sent  to 
engineers  free  upon  request.  The  company  also  issues  booklets  descriptive  of 
its  insulation,  and  furnishes  samples  upon  request. 
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Brick  Making  Machinery 


CHAMBERS  BROTHERS  COMPANY 

Main  Offioo  and  Works 

Fifty-Second  and  IVIedia  Sts.,  PHILADELPHIA,  PA. 
BRICK  MAKING  MACHINERY 

With  caparitios  of  from   10,000  to  100,000  daily 


Briquetting  Machines 

Single  and  Double  Shaft  Mixers 

The  C.  A.  Wentworth  Washing  Machine 

Roll  Crushers 

Disintegrators — Six  Size.s 

Pan  Grinders  for  both  Dry  and  Wot  Grinding 

7^  feet  diameter  Dry  Pan,  weight  25,000  lbs. 


9 

8i 


Wet  Pan, 


40,000     " 
46,000     " 

Measuring  and  Feeding  Machines,  for  feeding  dry  materials  in  fixed  propor- 
tions. 


The  Flexible  Friction  Clutch  Pulley 

The  Flexible  Friction  Clutch  Pulley,  a  thoroughly  good  reliable  disc  clutch, 

unatTected  by  high  speeds. 

Xo.    4  Size  1.5  H.P.  per  100  Revs,  per  M. 

Xo.    5     "     22      "        "       "         "         "  " 

Xo.    G     "     30      "        "       "         "         "  " 

Xo.    7     "     40      "        "      "         "         "  " 

Xo.  10     "     95      "        "       "         "         "  " 
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Elevatiiuj,  Conveying,  and  Poicer  Transmitting  Machinery 


THE  JEFFREY  MANUFACTURING  CO. 


(X)LUAIBrS.  (). 

New  York  Atlanta,  Ga. 

Boston  Charleston,  W.  \a. 

Montreal  Birmingham 

Pittsburg  Chicago 


St.  LouiH 

Denver 

Seattle 


ELEVATING,  CONVEYING  AND  POWER  TRANSMISSION   MACHINERY 


JEFFREY  OVERLAPPING-LIP 
PIVOTED  BUCKET   ELEVATOR- 
CONVEYER 

for  handling  Coal,  Ashes,  Cement, 
Sand,  Stone,  Ore  and  other  mate- 
rials. 

Designed  and  built  to  meet  eon- 
(litions. 

Write  for  Cntnlng  32-A. 


JEFFREY  CHAINS 

are  interchangeable  with  all  other  makes 
of  Standard  Link  Chains  of  correspond- 
ing styles  and  numbers.  Made  of  high- 
est grade  material,  insuring  uniform 
strength,  pitch  and  surface  finish. 
Special  Chains  made  to  order. 


RUBBER  BELT  CONVEYOR 

for  handling  all  kinds  of  material. 

Superior  in  design  and  construction. 

Cost    of    installation,    operation   and 
upkeep  is  low. 


APRON  CONVEYERS 

madi'  in  sizes  and  weiglits  to  meet  all 
requirements.  Built  with  wood  or  steel 
slats. 


JEFFREY  STORAGE  BATTERY  TRUCKS 

save  time,  labor  and  expense  in  handling  material  in 
Industrial  Plants. 

No  skilled  labor  required  to  care  for  battery  or  truck. 

Battery  will  operate  from  one  to  two  days  on  a  sin- 
gle charge. 

Bulletin  No.  \?>-\  and  prices  furnished  on  request. 


BUCKET 
ELEVATORS 

f  o  r  handling 
Coal,  Stone, 
Ore ,  Sand, 
Gravel,  etc. 
Made  in  styles 
and  sizes  to 
meet  condi- 
tions. 


JEFFREY   SWING  HAMMER 
PULVERIZER 

for  reducing  Limestone,  Shale,  Ores, 
Fireclay,  Phosphate  Rock,  etc. 

Has  larger  capacity,  yields  a  more 
uniformly  fine  product,  consumes  less 
power  and  costs  lets  for  upkeep  than 
any  machine  of  its  kind. 

Request  Catalog  31-C. 


SPIRAL 
CONVEYERS 

for  handling 
Sand, Cement, 
Coal,  Stone, 
Ores,  Grain, 
Seed,  Fertiliz- 
er Materials, 
etc.,  are  strong 
and  reliable. 
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JEFFREY  SCREENS 

for  treating  Coal,  Stone,  Ore,  Sand, 
Gravel,  etc.  Made  in  all  sizes.  Round 
or  Hexagonal,  of  wire  cloth  or  Perfor- 
ated Plate. 

Screen  Catalog  69-B  mailed  on  re- 
quest. 


ElevatiiKj,  ConvcyuKj,  and  Power  TrdusniittiiK/  Machinery 


JEFFREY  NEW  IMPROVED  SPLIT 
IRON  PULLEY 

with  Interchangeable  Bushings.  Saves 
Time,  Labor  and  Expense.  JMinimizes 
Power  Loss. 


THE  JEFFREY  MANUFACTURING  CO. 

Complete  Line  of  Jeffrey  Elevating,  Conveying  and  Power  Transmitting  Appliances,  as 
summarized  below,  are  shown  in  the  following  Catalogs  and  Bulletins,  which  may  be  had  upon 
re^Mesi:  JEFFREY  PRODUCTS  Catalog  Nos. 

Bearings 50 

Belt  Conveyers 67-D 

Belting — for  conveyer  duty 67-D 

lielt  Tighteners 60 

Buckets,  Elevator 43-A 

Cable,  Chain  and  \\ire 33,  21 

Cages,  Mine 24 

Car  Hauls 33,  21 

Cars 13 

Chains — In  Cast  Steel,  Forged  Steel,  Iron, 
Malleable  Iron,  Manganese  Steel,  for  all 

elevating  and  conveying  purposes 63,  64 

Chutes. 69-B 

Clamps 

Clutches 50 

Coal  and  Coke  Handling  Machinery.  .  .  .22,  42 

Coal  Crushers '.  .  .31-C,  41 

Coal  Cutting  Machines 18 

Coal  Drills,  Electric,  Rotary  and  Hand 

Power 16-A 

Coal  Pocket  Equipments 25-A 

Conveyers — for  handling  logs,  mill  refuse, 
lumber,  coal,  ashes,  ore,  sand,  cement, 
gravel,  phosphates,  garbage,  ice,  miscel- 
laneous freight  and  packages,  bagasse, 

etc 

Couplings,  Clutch  Couplings 50 

Collars,  Friction  Clutches 50 

Elevators — for  all  purposes 

Fans,  Mine 26-A,  26-B 

Floor  Stands 50 

Gears 50 

Generators 17 

Hangers 50,  51 

Hoists,  Crab,  Electric  Drum  Hoists,  Gan- 
try Cranes 

Larries,  Coke 13 

Locomotives,  Electric,  Mine  Haulage ...  15,  17 

Locomotives,  Storage  Battery 13,  13-B 

Picking  Tables 42,  22 

Pillow  Blocks 50,  51 

Power  Houses 32,  32-A 

Pulleys,  moulded  in  metal  or  wood  with 

single  and  double  arms 50,  53 

Rope-Transmission,  Hoisting,  Haulage.  .  .     50 
Screens,  for  any  material,  Rotary,  Shaking 

or  Vibrating 69-B,  69-D 

Screw  Conveyers  and  cast-iron  end  journal 

boxes  for  same 36 

Shafting 50,51 

Sheaves 50 

Spiral  Conveyers 36 

Sprocket  Wheels 63,  64 

Storage  and  Reclaiming  Machinery 25-A 

Tension  Carriages 50 

Trippers,  Belt 35,  67-D 

\\'agon  Loaders. 25-A 

\\'asheries.  Coal 27 

Weigh  Hoppers 32,  32-A 

Wire  Cloth 69-B 


JEFFREY  TRAY  ELEVATORS 

for  handling  barrels,  bags,  boxes  and 
miscellaneous  packages. 

Automatically     load     or     discharge 
material  on  any  floor  of  building. 


JEFFREY  ROPE  DRIVE  SYSTEMS 

are  correctly  designed  by  Expert  Engi- 
neers. 

We  build  them  in  both  American  and 
English  Systems. 
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Industrial  Locomotives 


c;OODMAN  MANUFACTURINCx  CO. 

CHICAGO,  ILL. 

ELECTRIC  AND  GAS  LOCOMOTIVES  FOR  MINE  AND 
INDUSTRIAL  HAULAGE 


Built  for  track  gauges  from  i8  inches  to  56I  inches 
Rack  Rail  Locomotives  for  Grade  Work 


Electric  Locomotives — Single-Motor  and  Two-Motor  in  a  great  variety  of  types. 

Gas  Driven  Locomotives — Using  gasoline,  alcohol  or  distillate. 

For  detailed  information,  secure  our  bulletins: 

No.  302 — Single-Motor  Locomotives    No.  3.51 — Two-Motor  Locomotives 

No.  303 — Industrial  Locomotives  No.  502 — Small  types  for  switching,  etc. 

The  Goodman  Handbook  also  is  of  value  as  a  compendium  of  information 
regarding  locomotive  practice  and  the  Goodman  Line.  It  will  be  sent  free  to 
j)ersons  interested  in  locomotives  or  coal  cutting  machinery. 

We  make  a  full  line  of 

Coal  and  Clay  Cutting  Machinery 


Breast  Machines 

Shortwall  Machines 
Longwall  Machines 


A.sk  for  Bulletins 
Nos.  101  and  103 
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Overhead    Tramrails 


RICHARDS- WILCOX 
MANUFACTURING  CO. 

AURORA,  ILL. 

OVERHEAD    TROLLEY    CARRYING    SYSTEMS,    AUTOMATIC    FIRE    DOOR  FIXTURES; 
SLIDING  DOOR  HANGERS  FOR  WAREHOUSES,  FACTORIES,  ETC. 


Typical  Installation  of  Richards-Wilcox   Overhead  Trolley  Track 

The  illustration  above  shows  a  typical  arrangement  of  Richards-Wilcox  Over- 
head Trolley  Tracks  in  a  large  factory.  The  construction  of  this  track  is  such 
that  it  is  impossible  for  a  carrier  to  drop  out,  and  an  ample  factor  of  safety  is  pro- 
vided against  breakdowns. 

Perfect  flexibility  is  assured  by  a  system  of  switches  and  turntables  which 
provide  for  any  desired  arrangement  of  tracks. 

These  switches  and  turntables  are  absolutely  "Fool-Proof"  in  that  their  con- 
struction leaves  no  possibility  for  carriers  to  drop  no  matter  how  turned  or  in 
what  position. 

CARRIERS 

Carriers  are  built  with  hardened 
roller  bearings,  also  with  hardened 
ball  bearings  in  five  regular  sizes 
having  capacities  up  to  4000  lbs.  as 
indicated  by  the  table  herewith,  and 
can  be  run  around  curves  of  24" 
radius.  A  larger  radius  is  advised, 
however,  when  it  can  be  used. 

Illustrated  catalogs  and  full  in- 
formation concerning  standard  or 
special  layouts  and  designs  furn- 
ished on  request. 


Sixteen-wheel  carrier,  capacity  4,000  pounds,  runs 
in  No.  33  track.  Eight-wheel  carrier,  capacity 
2,000  pounds,  runs  in  No.  33  track 
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Crushers 


Hammer  Crushers 


PENNSYLVANIA  CRUSHER  CO. 

STEPHEN  GIKARD  BLD'G. 
New  York,  50  Church  St.  PHILADELPHIA,    PA.    Pittsburgh,  Machesney  Bld'g. 

COAL  CRUSHING  &  CLEANING  MACHINERY  FORBY-PRODUCT  COKE  PLANTS.  SWING- 
HAMMER  CRUSHERS,  BRADFORD  COAL  CLEANERS,  ROTARY  &  JAW  CRUSHERS, 
SINGLE  ROLL  CRUSHERS,  GRINDING  PANS,  DELAMATER  "SINK  &  FLOAT"  TESTERS. 

"  PENNSYLVANIA  "       SWING- 
HAMMER  CRUSHERS 

E.xtonsively  used  for  pulverizing 
Bituminous  Coals  in  By-Product 
and  Bee-Hive  Coking  Plants;  also 
for  crushing  Cement  Rocks  and 
Lime.stones  in  Cement  Mills;  also 
Lime,  Shales,  Bone  and  a  multi- 
tude of  other  materials. 

Main  frame  of  fabricated  Steel 
practically  immune  from   break- 
age.    Removable  Steel  Wear  li- 
ners, Ball  and  Socket  Bearings,  6 
and   8   rows   of    Hammers,    large 
diameter   Steel   Discs,    quick   ad- 
justable Grinding  Cage.       By  weight  the  "Peinisylvania"  is  more  than  QO'/o  Steel. 
"PENNSYLVANIA"    BRADFORD     COAL 
CLEANERS 
For  Power  Houses  and  By-Product  Coke  Plants 

One  of  theimportant  u.ses  of  this  machine  is  to  aido- 
matically  remove  impurities  such  as  slate,  bone,  sul- 
phur balls  or  binder  from  bituminous  steam  or  coking 
coals,  thereby  reducing  the  ash  and  sulphur  contents. 

It  is  used  extensively  in  preparing  R.O.M.  coals 
in  By-Product  Coking  Plants  and  Bee-Hive  Ovens. 

In  connection  with  its  crushing  and  cleaning 
functions  for  R.O.M.  coal  for  large  Power  Houaes, 
the  "Penn.sylvania"  Bradford  is  most  efficient  in  removing  stray  iron,  coupling 
pins,  mine  props  and  all  sorts  of  impedimenta  that  damage  Conveyors,  Stokers 
and  other  Power  House  machinery. 

For  Stoker  feed  it  Crushes  R.O.M.  with  less  fines  than  Rolls,  or  any  other  type. 

Absolutely  automatic  in  operation,  easy  on  horse  power,  nnis  12  to  15  R.P.M .,  re- 
quires no  labor  to  operate,  other  than  occasional  oiling.  Is  jiructically  "fool-proof." 

Several  of  these  "Pennsylvania"     Bradfords  are    successfully    operating    in 
connection  with  Coal   Washers. 
"PENNSYLVANIA"  SINGLE  ROLL  CRUSHERS 

Will  take  large  pieces  of  Coal,  Coke,  Iron  Ore, 
Limestone,  Phosphate,  Gypsum,  Flint  Clay  and 
reduce  to  one  inch  and  finer  in  one  operation.  A 
good  machine  for  crushing  coal  for  Stokers. 

A  single  roll  revolving  close  to  a  quickly  adjustable 
breaker  plate,  in  place  of  two  rolls  commonly  used. 

Roll  is  heavily  back  geared  and  rigidly  held  in  its 
bearings  to  prevent  spreading  when  feeding  large 
lumps.  This  design  is  smoother  running  than  the 
double  Roll. 

Bed  frame  in  one  piece  and  very  rigid.    Cut  shows  rear  panel  removed,  exposing 

roll.       Different  designs  of  roll  teeth  are  made.       Moderate  H.   P.,  slow  speed. 

"PENNSYLVANIA"  ROCK  CRUSHERS 

Powerfully  built  for  hruUd  service,  free  from  hot 
boxes,  broken  shafts  and  other  connnon  troubles. 

Simple  in  design,  of  few  parts,  and  require  no  ex- 
pert for  repairs.  Thoroughly  reliable  under  trying 
conditions. 

Main  frame  is  Open-Hearth  Steel,  shafts  are  high 
grade  Steel  forgings. 

Bearing  made  to  template,  are  kept  in  stock  by 
operator  and  easily  replaceable. 
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Bradford  Coal  Cleaner 


Roll  Crusher 


Rock  Crusher 


Cms  hers 


STURTEVANT  MILL  CO. 

BOSTON,  IMASS. 

Xi-.w  ^■|1UK  I'lTTsHURciii  Cleveland  Chicago  Atlanta  London 

CRUSHERS.  CRUSHING  ROLLS.  GRINDING  MILLS.  LABORATORY  MACHINERY, 
SCREENS.  MIXERS.  SACKING  AND  WEIGHING  MACHINES 


CRUSHERS — Coarse  Crushers:  for  Hreakins  large  Rocks  and  Ores  to  from  4  in. 
to  2  in.  in  size  and  finer. 

Intermediate  Crushers:  for  reducing  to  from  1  in.  to  2  in.  and  finer. 
Fine  Crushers:  for  1  in.  to  |  in.  crushing;. 

Rotar  Fine  Crushers:  "Open  Door"  type  for  crushing  soft  and  moderately 
hard  rock. 
Laboratory  Crushers:  for  Sampling. 

CRUSHING  ROLLS— Balanced  Rolls:  Highest  Grade,  fcjr  Roughing  and  Fin- 
ishing. Special  Car-Box  Bearings.  Shocks  only  one  quarter  that  of  other 
Rolls.     Springs  back  of  each  bearing. 

Plain  Balanced  Rolls:  One  half  the  weight  and  approximately  one  half  the 
price  of  Balanced  Rolls. 
Laboratory  Rolls:  for  Sampling. 

GRINDING  MILLS — Ring-Roll  Mills:  for  pulverizing  dry  materials  such  as 
Quartz,  Cement  Clinker,  Coal,  Limestone,  Granite,  Trap,  Phosphate  Rock, 
etc.  Large  outputs,  small  power  and  upkeep.  Built  in  large  and  small  sizes. 
Emery  Mills:  for  pulverizing  soft  and  moderately  hard  materials,  such  as 
Lime,  Gypsum,  Talc,  Clay,  etc.,  etc.  Horizontal  and  Vertical  types — many 
sizes. 

Sample  Grinders:  for  Laboratory  use. 
Various  other  grinding  devices  for  special  purposes. 

LABORATORY  MACHINERY— Crushers :  "Open  Door"  accessible  type. 
Hand-Wheel  adjustment — easily  cleaned. 

Rolls:  for  granulation  and  pulverization.     "Open  Door"  type;  automatic 
adjustments. 

Grinders:  for  fine  grinding — "Open  Door,"  Hand-Wheel  adjustment. 
Screens:  for  accuracy,  "Open  Door." 

SCREENS — Newaygo  Separators;  for  screening  everything  screenable  from  4 
to  180  me.sh.  "Open  Door"  Inclined  Vibrating  type.  Screen  cloth  auto- 
matically stretched  and  kept  taut  and  vibrated  by  hundreds  of  little  hammer 
blows  upon  its  reenforced  surface.  Coarse  Wire  used  for  fine  and  accurate 
output.     Large  capacity. 

MIXERS — Hunso  Automatic  Mixers  for  Fertilizer. 

SACKING  AND  WEIGHING  MACHINES— Sawyer-Fulford  Revolving  Sack- 
ing and  Weighing  Machines.  Accurate  to  an  ounce.  Sacks  and  weighs  most 
anything  that  will  go  in  a  bag. 


Clay  Working  Machinery 


AMERICAN  CLAY  MACHINERY  CO. 

BUCYRUS,  OHIO 

ROTARY  DRYERS,  WET  AND  DRY  GRINDING  MILLS, 
ROLLER  CRUSHERS,  EXHAUST  FANS  AND  DISC  FANS 


Rotary  Dryer 
ROTARY  DRYERS.  We  manufacture  a  line  of  Rotary  Dryers  covering  a  large 
range  of  sizes  and  capacities  and  adapted  to  drying  clays,  shales,  sands,  marls, 
slurries,  fertilizers,  crushed  limestone,  and  for  calcining  fire  clays,  roasting  ores, 
and  handling  a  great  variety  of  other  materials  from  which  moisture  must  be 
removed  at  low  cost,  or  in  which  special  heat  treatment  is  required. 


Grinding  Xvlill  Roller  Crusher 

WET  AND  DRY  GRINDING  MILLS.  We  manufacture  a  line  of  wet  and  dry 
grinding  machines,  as  slunvn  in  illustration.  They  are  largely  used  by  steel 
foundries  in  mixing  and  grinding  silica  sand  and  similar  materials.  They  are 
made  in  a  full  range  of  sizes  from  5  feet  to  9  feet  and  for  either  motor  or  belt 
drive. 

ROLLER  CRUSHERS.  We  build  a  complete  line  of  Roller  Crushers  for  crush- 
ing and  grinding  clay,  gravel,  etc.  They  are  extensively  used  for  stone  extract- 
ing where  the  material  to  be  crushed  contains  stones. 


\J^ 
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Exhaust  Fan  Disc  Fan 

EXfeAUST  FANS  AND  DISC  FANS.  We  manufacture  a  complete  line  of  Ex- 
haust Fans  including  all  sizes  up  to  No.  360.  These  fans  are  made  either  three- 
quarter-housed  or  full-housed,  and  are  extensively  used  for  ventilation  and  dryer 
work.    For  full  details  see  our  No.  90  catalog. 
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Vacuum  Dryers 


J.  P.  DEVINE  COMPANY 

BUFFALO,  N.  Y. 

MANUFACTURERS  OF  VACUUM  DRYING  AND  EVAPORATING 

APPARATUS 


VACUUM  DRUM  DRYERS  for  Dyewood  and 
Tanning  Extracts,  Milk  and  Food  Products, 
Pastes,  etc. 

A  rapid  and  uniform  drying  is  effected  because 
the  drum  dip^  into  the  sohition  and  takes  up  a  thin 
fihn  of  the  wet  material  of  1-125  of  an  inch  and 
less.  The  water  is  evaporated  from  the  material 
at  a  temperature  of  from  117°  F.  to  9o°  F.  accord- 
ing to  the  Vacuum  in  the  apparatus  of  26f "  to  283". 

The  drying  process  is  continuous  and  indepen- 
dent of  climatic  conditions;  free   from   dust   and 

consequent   elimination  of  danger  to  health  of  employees  and  destruction  of 
property  ;  and  at  a  minimum  cost  of  operation,  including  labor. 

VACUUM  CHAMBER  DRYERS  for  Colors, 
Dyes,  Extracts,  Salts,  Ruliber,  Smokeless  Powder 
and  High  Explosives,  and  other  Chemical  and 
Food  Products. 

The  Vacuum  Drying  Chamber  is  designed  to 
remove  the  water  rapidly  and  at  a  low  tempera- 
ture from  materials  wliich  cannot  be  dried  by 
methods  used  heretofore  without  altering  their 
chemical  composition  on  account  of  their  sensi- 
tiveness to  heat.  It  may  also  be  used  with  great 
saving  in  time,  fuel,  cost  of  plant,  and  working 
expenses  for  other  substances  where  a  low  tempera- 
ture is  not  an  absolute  necessity. 

Materials  which  are  difficult  to  dry  in  the  atmosphere  or  which  cannot  be 
dried  at  all  in  the  atmosphere  without  decomposition  have  all  moisture  removed 
from  them  in  a  very  short  time  in  the  vacuum  chamber  without  danger  of  im- 
pairing their  qualities  by  overheating. 

VACUUM  ROTARY  DRYERS,  for  Starch, 
Granular  Substances,  and  Chemical  By-Products. 

The  moist  material  is  conveyed  by  an  elevator 
into  a  hopper  high  above  the  manhole  to  facilitate 
the  charging  of  the  apparatus.  After  charging, 
the  manhole  is  closed  and  a  high  vacuum  pro- 
duced by  means  of  an  air  pump,  the  vapors  pass- 
ing into  the  condenser. 

Concentric  with  the  steam  jacketed  outside  cylinder  is  a  revolving  inside 
drum,  heated  by  live  or  exhaust  steam,  to  which  stirring  blades  are  attached. 
The  material  to  be  dried  is  between  the  inside  drum  and  the  outside  cylinder 
and  is  kept  in  constant  motion  by  the  stirring  blades.  Thus  every  particle  comes 
into  close  contact  periodically  with  the  heating  surfaces,  and  a  very  thorough 
and  even  drying  process  results. 

VACUUM  PUMPS  of  highest  efficiency  and  of  non-corrosive  metals. 

VACUUM  PANS  for  anj'  requirement  and  capacity  in  single  or  multiple  effect. 

CONDENSERS,  ETC. 

OVER  3,000  INSTALLATIONS  IN  DAILY  OPERATION. 
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Dryers 


RUCxGLES-COLES  ENGINEERING  CO. 


McCORMICK  BLDG. 
CHICAGO 


RUGGLES-COLES 


"Double 
Shell" 


Consulting  and  Contracting 
Engineers 


-)()  CHURCH  STREET 
NEW  YORK  CITY 

DRYERS 

Designers  and  Builders  of 
Special  Machinery 


Section  of  Ruggles-Coles  Dryer  Showing  Direction  of  Cases 

RUGGLES-COLES    "PJl±'^   DRYERS 


We  build  Ruggles-Coles  "Double-Sholl"  Dryers  for  drying  a  large  variety  of 
inorganic  and  organic  materials.  For  this  work  we  have  perfected  six  regular 
types  of  dryers,  but  for  certain  substances  we  build  special  dryers  to  order. 
After  fourteen  years'  successful  experience  we  know  that  the  Ruggles-Coles  Dryer 
is  designed  on  the  correct  principle  and  point  to  more  than  300  satisfactory  in- 
stallations in  all  parts  of  the  world  as  evidence  of  its  superiority. 

Class  "A"  Dryer. — The  principle  of  the  Ruggles-Coles  "Double-Shell"  Dryer 
ia  that  the  material  being  dried  passes  the  hot  gases  in  the  opposite  direction  to 
their  travel.  The  Class  "A"  dryer  consists  of  two  concentric  shells  rigidly  con- 
nected at  the  center.  Between  this  point  and  each  end  are  two  sets  of  swinging 
arms  allowing  for  unavoidable  expansions  and  contractions.  The  inner  cylinder 
at  the  head  of  feed  end  is  connected  with  the  furnace  by  a  hot  air  flue  lined  with 
fire  brick.  At  the  discharge  end  is  a  revolving  head  on  the  inside  of  wliich  are 
lifting  buckets,  so  that  the  material  is  delivered  out  through  the  central  casting. 
The  machine  htxs  sixteen  bearings,  thus  distributing  the  load  and  eliminating 
danger  of  heated  bearings.  The  furnace  is  independent  of  the  machine  and 
located  in  a  convenient  place,  although  generally  i)laced  close  to  the  head  of  the 
dryer. 

The  heated  air  passes  through  the  inner  cylinder  and  returns  between  the 
outer  and  inner  cylinders  to  the  fan,  passing  on  the  way  the  material  to  be  dried. 
By  reason  of  the  inclination  and  revolution  of  tlie  dryer  the  material  is  advanced 
to  the  discharge  end.  This  dryer  is  especially  suitable  for  drying  cement  rock, 
clay,  coal,  ores,  sand,  gypsum,  fullers  earth,  peat,  sewage  sludge,  tankage,  etc., 
etc. 

Class  "B"  Dryer. — For  such  materials  as  oil,  kaoUn,  and  ochre,  which  cannot 
be  dried  by  direct  heat  on  account  of  the  danger  from  ignition  or  injury  of  the 
materials  by  furnace  gases,  we  build  a  dryer  similar  in  all  respects  to  the  Class 
"A"  machine  except  the  gases  are  taken  from  the  inner  flue  and  returned  through 
a  number  of  tubes. 

Class  "E"  Dryer. — For  drying  nitrate  of  soda  and  other  fusible  salts  which 
are  not  injured  by  direct  heat  but  which  cannot  be  dried  in  a  rotary  dryer,  on 
account  of  the  material  adhering  to  the  shell,  we  build  a  special  dryer  which  has 
the  advantage  of  direct  heat  with  positive  feed  and  delivery. 

Class  "F"  Dryer. — When  the  quantity  of  material  to  be  dried  is  small  or  the 
amount  of  moisture  to  be  evaporated  is  light,  we  build  a  dryer  of  single  shell 
construction,  and  while  not  as  economical  in  fuel  cost  as  our  Class  "A"  dryer  is 
much  lower  in  first  cost. 
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Testing  Machines 


TINIUS  OLSEN  AND  COMPANY 

500  NORTH   li^TH  STREF/I',   PHILADELPHIA,  PA. 

TESTING  MACHINERY  AND  INSTRUMENTS 

We  manufacture  a  complete  line  of  Olsen  testing  machines  for  the  Physi- 
cal testing  of  any  material  under  any  condition.  These  machines  are  de- 
signed for  accuracy,  sensitiveness,  rigidity,  strength  and  endurance,  and 
they  are  today  the  recognized  Standard  of  high  grade  testing  the  world 
over. 

We  also  are  the  exclusive  manufacturers  for  the  "Turner"  impact  testing 
machine,  "Fremont"  impact  testing  machine  and  "White-Souther"  endur- 
ance testing  machine  and  exclusive  American  Agents  for  the  "Herbert  & 
Fletcher"  file  tester  and  tool  steel  testing  machine. 

We  build  machines  for  applying  all  tests  as  enumerated  below  and  are 
prepared  to  design  and  build  special  machines  for  determining  any  physi- 
cal property. 

Our  Catalogue  is  divided  into  eight 
parts  as  follows: 

Part  A  Universal TestingMachines 
and   Instruments. 

Part  B  Spring  Testing  Apparatus 
and  Spring  Machinery. 

Part  C  Cement  and  Concrete  Test- 
ing Machinery. 

Part  D  Cloth,  Yarn,  Paper, Rubber 
and  Leather  Testing  Ma- 
chinery. 

Part  E  Wire,  Chain  and  Anchor 
Testing  Machinery. 

Part  F  Oil,  Grease,  Bearing  Metal 
Testing  Machines,  Vis- 
cosimeters,  Dynamomet- 
ers, etc. 

Part  G  Transverse  Testing  Ma- 
chinery. 

Part  H  Special  TestingMachinery. 
(Impact,  Indentation,  Vi- 
bratory, Hardness,  En- 
durance, Bending  and 
Torsion  Testing  Machin- 
ery.) 

Any  of  the  above  parts  mailed  upon 
request. 

Our  Olsen  Testing  Machines  have  received  the  highest  awards  at  the 
following  Exp>ositions : — 


Cincinnati  Industrial  Exposition,  1881. 

Internutlonal  Cotton  ExposUlon,  Atlanta,  1881. 

World's    Industrial  &  Cotton    Centennial    Ex- 
position, New  Orleans,  1?85. 

World's  Columbian  Exposition,  18P3. 

Export  Exposition,  Philadelphia,  1899. 

Paris  Exposition,  19C0. 

Louisiana  Purchase  Exposition,  1904. 

Jamestown  Tercentennial  Exposition,  1907. 

Alaska- Yukon-Pacific  Exposition,  1909. 
Also 

EUiott-Cresson  Gold  Medal,  Franklin  Institute 
of  Philadelphia,  Pa. 


Olsen's  Universal  Autographic  Testing  Machine 

Three  Screw  Type  with  Direct  Motor  Diive. 

Patented  January  7, 1908. 


Olsen's  New  Hardness  Testing  Machine 
Patent  Applied  For. 
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Chemical  Apparatus 


THE  PUSEY  k  JONES  COMPANY 

WILMINGTON,  DELAWARE,  U.  S.  A. 

ENGINEERS  AND  MANUFACTURERS  OF  PULP  AND   PAPER  MAKING 
MACHINERY.     MARINE  EQUIPMENT.     CHEMICAL  APPARATUS 


THE   PLASTOMETER 


The  P I  a  s  t  o  m  e  t  e  r 
measures  and  indicates 
the  degree  of  plasticity 
of  rubber,  leather,  fibre 
or  any  other  resilient 
material. 

The  degree  of  plas- 
ticity is  found  by  meas- 
uring the  resistance  of- 
fered by  the  material  to 
be  tested  to  the  pene- 
tration of  a  needle. 

Any  material  may 
therefore  be  standard- 
ized as  to  its  plasticity. 
For  example:  most  of 
the  larger  rubber  manu- 
facturers have  installed 
Plastometers.  In  order- 
ing new  rubber,  or  in  re- 
ordering for  duplication, 
the  degree  of  plasticity 
may  be  specified  by  in- 
cluding in  the  order  the 
words  "Plastometer  den- 
sity of ."  Thus 

may  be  insured  the 
duplication  of  any  par- 
ticular material,  while 
the  Plastometer  also  en- 
ables the  buyer  to  check 
up  the  plasticity  on  re- 
ceipt of  the  goods. 

The  Plastometer  'n  furnished  in  a  portable  mahogany  case,  and  may  be  easily 
operated  and  understood  with  a  few  moments'  instruction. 

The  price  is  $100.00. 


The  Plastometer 
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Testing  Apparatus 


SHORE  INSTRUMENT  k  MFG.  CO. 

555-557  W.  22  ST.,  NEW  YORK,  N.  Y. 
SCIENTIFIC  TESTING  APPARATUS 


THE    SHORE    UNIVERSAL    COMPENSATING    STRENGTH    TESTING    MACHINE,  SET 
UP  FOR  CANTILEVER  BEND  TESTS.     (Guard  thrown  back  to  show  Gear  wheel.) 

THE  SHORE  COMPENSATOR  (Autographic) 

Functions  of  tlie  Shore  Compensator:  Takes  any  size  test  piece  and  gives 
square  inch  readings  on  chart.  Automatic  weighing  (therefore  fool  proof), 
quick  acting  and  making  the  following  tests: — Cantilever  bend  test  (principal 
feature),  Tension,  Gear  teeth.  Torsion,  Compression  and  shear. 

The  only  machine  suitable  also  for  commercial  inspection  room  work. 
Catalog  free. 

We  make  also  the  Scleroscope.  The  Pyroscopc  and  Enamelite  (for  selective 
carbonizing). 


Send  f(jr  Catalogs. 


Pyro  scope 
Optical  Temperature  Gauge 


Scleroscope 
World  Standard  Hardness  Tester 
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Sugar  Making  Machinery 


THE 

HOOVEN,  OWENS,  RENTSCHLER 

COMPANY 

HAMILTON,  OHIO 

SUGAR  MACHINERY,  CAST  IRON  GLOBE  DIGESTERS  AND  COOKERS  FOR  PAPER 
MILLS  AND  BLEACHERIES,  PLATE  GLASS  FINISHING  MACHINERY,  SEMI-STEEL 
STEEL  RE-INFORCED  ANVIL  BLOCKS,  FLEXIBLE  COUPLINGS,  AND  SPECIAL  HEAVY 
CAST  IRON  CASTINGS. 


r^ 


Globe  Digester  and  Cooker 

The  cast  iron  Globe  Digester  and  Cooker  is  made  in  sizes  up  to  and  iiu'luding 
12  feet  in  diameter  and  is  eciuipix'd  witli  adjustable  babbitted  trunnion  l)earing;s. 
Tlie  drive  may  be  from  the  ceiling  hangers,  as  shown  in  illustration,  or  from 
beneath  the  floor — at  the  option  of  purchaser. 

The  Anvil  Blocks  are  made  in  any  size  and  arranged  to  acconunodate  any  make 
of   hannner.      They    are   composed   of   a 
siiecial   mixture   of   semi-steel   and   thor- 
oughly steel-re-inforced  by  the  HAMIL- 
TON process. 

The  Sugar  Mill  Housing  shown  is 
thonjughly  triangular  bolt  bound,  and 
of  such  design  that  the  completed  housing 
is  of  maximum  possible  strength  in  every 
direction.  This  illustration  shows  more 
plainly  than  any  descriiition  its  excellent 
design  for  resisting  the  enormous  pressures 
to  which  it  is  subject. 

The  86"  Cyl- 
inder illustrated 
is  a  good  exam- 
ple of  our  large 
semi-steel  cast- 
ings and  proves 
that  we  have 
excellent  facili- 
ties for  making 
cast  iron  or  semi- 
eteel  castings  of 
any  size  and 
weight  consist- 
ent with  modern 
foundry    prac- 


Re-Inforced  Anvil  Block 


86"    Senu-Steel  Low 
Pressure  Cylinder  tice. 


Sugar  Mill  Housing 
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Paper  Box  Machinery 


M.  D.  KNOWLTON  CO. 

Main  Office  and  Works 

24  ELIZABETH  ST.,  ROCHESTER,  N.  Y.,  U.S.A. 

New  Yokk  London  Chicago 

PAPER  BOX  AND  SHIPPING  CASE  MACHINERY 

MACHINES  FOR  CUTTING,  TREATING  AND  FORMING,  PAPER,  BOARD  AND 

SHEET  FABRICS. 


Our  experience  in  designing  and  making  machines  for  this  class  of  work  extends 
over  a  period  of  thirty  years.  Our  shop  facuhties  are  excellent.  Many  of  the 
machines  we  manufacture  are  necessary  to  other  industries  as  well  as  to  that  of 
the  paper  box.  Below  is  only  a  partial  list  of  the  standard  and  automatic  ma- 
chines we  manufacture  and  carry  in  stock.  V\e  solicit  inquiries  for  standard  and 
special  machinery  of  this  class. 

CUTTING 

MACHINES 

for  Slitting,  Sheeting 

or  Sha])e  Cutting, 

Paper,  Pulp,  Fibre 

or    Corrugated 

Board  and  Sheet  Fabrics. 
Scorers 
Kotary  Paper  Slitters  and 

Rewinders 
Rotary  Cardboard  Slitters 
Corner  Cutters 
Slotters  and  Flap  Cutters 
Folding  Box  Slotters 
Roll  Sheet  Cutters 
Neck  Choppers 
Thumbhole  Machines 
Skiving  Machines 
Round  and  Oval  Cutters 
Rotarv  Cutting  Knives 


Heavy  Rotary  Slitter  for  Fibre  and  Corrugated  Board 


TREATING  MACHINES 

for  Coating  Paper  and  Cardboard 
with  Glue,  Silicate  cf  Soda,  Pa.-tc 
and  other  Li(|uid  Solutions. 

Automatic  Gumming  ]\Iachines 

Plain  Gumming  Machines 

Sheet  Gluers 

Sheet  Pasters 

Flange  Gluers 

Folding  Box  Gluers 

Paraffine  Coaters 

Silicate  of  Soda  Coaters 

Glue  Cookers  and  Mixers 

Glue  Pots 

FORMING  MACHINES 

for  Creasing,  Bending  and  Shap- 
ing Paper  and  Cardboard. 
Automatic  Creasers  and  Slotters 
Folding  Box  Creasers 
Flange  Benders 
Plain  Corner  Stayers 
Turn-in  Corner  Stayers 
Ender  and  Corner  Stayers 
Tape  Stayers 
Covering  Machines 
Topping  Machines 
Trimming  Machines 


Paraffine  Coating  Machine 


Straight  Bar  Creaser  for  Fibre  and  Corrugated  Board 
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Foundry  Equipment 


VULCAN  ENGINEERING  SALES  CO. 

Fisher  Bldg.  30  Church  St. 

CHICAGO,  ILL.  NEW  YORK,  N.  Y. 

CONTROL  ENTIRE  SALES  AND  PRODUCT 


MUMFORD  MOLDING  MACHINE  CO. 


JOLT  RAMMING  MACHINES 

Pneumatic  and  Electric 
SPLIT  PATTERN  MACHINES 
POWER  AND  HAND  SQUEEZERS 
VIBRATORS  AND  RAPPERS 
FOUNDRY  EQUIPMENT 


^m  VAi,VF-si  AfinYBfTrmH  (TMr, 


HANNA  ENGINEERING  WORKS 

PNEUMATIC  RIVETERS 

From  6  in.  reach  x  6  in.  gap,  20  tons  pressure,  to 
126  in.  reach  x  24  in.  gap,  1.50  tons  pressure. 
PLAIN  TOGGLE  (Pinch  Bug)  AND  COMPRES- 
SION LEVER  RIVETERS 
SHAKERS  AND  RIDDLES,  Air  or  Electricity 


THE  Q.  M.  S.  COMPANY 


METAL  SAWING 
MACHINERY 

Saws  for  Cold  Cutting  Off. 
For    Foundry    and    Struc- 
tural Shop. 

Power  Hack  Saws. 
All  Styles 
CRANES,  HOISTS 
GENERAL  SHOP  EQUIP- 
MENT 


Complete  Catalog  of  All  Goods  on  Request 
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Automatic  Weighing,  Packing,  and  Sealing  Machinery 


AUTOMATIC   WEIGHING    MACHINE 

COMPANY 

Office  unci  Factory 

134  COMMERCE  ST.,  NEWARK,  N.  J.,  U.  S.  A. 

Western  Office  :  439  Pierce  Bldg.,  St.  Louis,  Mo.,  U.  S.  A. 

Cable  Address  :  AWMCO 

AUTOMATIC    WEIGHING,    PACKING    AND   SEALING   MACHINERY 

ADAPTED  TO  THE  USE  OF  MANUFACTURERS  AND  PACKERS  OF  SUGAR.  COFFEE. 
SPICE.  SNUFF,  "WASHING  POWDER,  BAKING  POWDER.  STARCH,  SEEDS, 
CEREALS,  GRAINS,  FLOUR.  W^HEAT,  ROLLED  OATS,  SALT,  FERTILIZERS. 
COTTONSEED     MEAL,     LIMESTONE      AND      SHALE,     CLINKER     AND     GYPSUM. 


TO     ENGINEERS 


The  best  results  and  the  highest  efficiency  accomplish  their  ends  by  the 
simplest  and  most  direct  means. 

All  of  our  machines  are  constructed  with  the  idea  of  long  life  and  efficiency, 
and  an  opportunity  to  describe  them  more  fully  than  the  space  here  allows 
would  be  appreciated. 

The  automatic  weighing  scale  is  now  a  recognized  necessity  in  manufacturing, 
whether  for  packing  packages,  bags  or  boxes,  proportioning  two  or  more 
materials  in  a  mix  or  checking  bulk  goods  going  from  point  to  point;  but  that 
scale  to  be  valuable  must  be  capable  of  doing  its  work  daily,  and  with  precision, 
so  if  you  are  looking  for  those  machines  which  give  you  the  highest  results,  all 
other  conditions  being  taken  into  consideration,  we  will  have  the  pleasure  of  a 
more  direct  communication. 

TO    MANUFACTURERS 

Our  pride  is  to  fulfil  the  just  expectations  of  the  purchasers  of  our  machinery. 
We  believe  in  co-operation ,  finding  such  a  relationship  between  ourselves  and  our 
customers  the  most  profitable. 

To  those  who  are  earnestly  desiring  to  cut  down  to  its  lowest  their  ultimate 
cost,  we  know  we  can  be  of  inestimable  service,  and  upon  examination  of  the 
various  circumstances  peculiar  to  any  given  case,  will  submit  such  propositions 
that  any  buyer  is  able  to  give  our  proposals  careful  and  intelligent  consideration, 
and  form  a  comprehensive  view  of  what  we  will  undertake  to  do. 

At  infrequent  intervals  where  we  have  found  that  for  some  reason,  clearly  in- 
dicated by  us  to  our  inquirers,  we  were  persuaded  the  conditions  would  not  make 
the  use  of  our  machinery  truly  profitable  to  the  manufacturers  and  therefore  to 
us,  we  do  not  fail  to  say  so,  rather  than  merit  the  displeasure  of  our  customers  by 
putting  them  to  needless  trouble  and  probable  expense. 

We,  of  course,  put  before  anything  else  the  fulfilling  of  all  guarantees  which 
are  clearly  stated  in  our  proposals,  and  strive  to  do  even  a  httle  better,  so  that 
when  a  balance  is  struck  between  us  there  remains  something  to  our  credit  in  the 
good  opinion  of  our  customers. 
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Braiding  and  Insulating  Machinery 


NEW  ENGLAND  BUTT  COMPANY 

PROVIDENCE,  R.  T. 

European  Agents:  Selson  Engineering  Company,  Ltd.,  London,  England 

MANUFACTURERS     OF     BRAIDING     MACHINERY,     MACHINERY     FOR     INSULATING 

WIRES  AND  CABLES. 


Double  Deck  16x20x24. 
No.  1  Cable  Braider. 


BRAIDING  MACHINERY 
American  and  German  Type 

X^sed  for  making  plain  and  fancy 
hraids  for  tiress  trimmings  and  millinery, 
romul  and  flat  shoe  laces,  soutache 
braids,  candle  wicking,  tapes,  cords, 
handing,  clothes  lines,  fish  lines,  pack- 
ing, gas  tubing  and  rubber  hose,  round 
and  flat  elastic. 

Sash  Cord  Braiders  for  making  solid 
sash  and  curtain  cord  of  various  sizes. 

Sash  Cord  Finishers  for  polishing  solid 
sash  cord. 

Silk  Co\ering  Machines  for  covering 
cotton   with  silk. 

Braid  Spooling  and  Measuring 
Machines. 

Rubber  Spreading  Machines,  built 
of  any  desired  width  for  ap])lying  a 
thin  coating  of  rubber  to  cloth. 


INSULATING  MACHINERY. 
Single,  Double  and  Triple  Deck  Braiders. 

Tlicse  are  made  in  all  sizes  and  com- 
binations for  covering  wires  from  small 
sizes  up  to  large  cables. 

Magnet  Wire  Machinery  for  silk  and 
cotton  covering  arranged  to  handle 
round  and  flat  wire^. 

Annunciator    Wire    Winders,    Single, 
Double  or  Triple  Deck, 
wires     or    cables    with    jjaper    or    other 


Taping   Machinery    for    taping 
materials. 

Polishing  Machines,  for  insulated  wires  and  cables  from  the  small  sizes 
up  to  3"  cables. 

Wire  Measuring  INIachines. 

Twinning  Machines. 

Rubber  Strip  Covering  Machines,  for  applying  rubber  insulation  to 
wires  and  cables  with  either  single  or  double  seam.  These  machines  are 
built  in  several  sizes  and  handle  from  one  up  to  twenty  wires  at  a  tune. 
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Braiding  and  Insulating  Machinery 


NEW  ENGLAND  BUTT  COMPANY 

MACHINERY  FOR  THE  MANUFACTURE  OF  WIRE  ROPES  AND  CABLES 


7  REEL  HIGH  SPEED  STRANDING  MACHINE. 

In  this  type  of  machine  the  reels  are  carried  in  stationary  cradles  hanging 
at  the  center  of  the  machine  and  the  frame  revolves  about  them. 

By  this  construction,  the  machine  being  perfectly  balanced,  a  ver}'  high 
speed  is  attainable.  It  is  built  in  several  sizes  from  small  machines,  for 
making  the  initial  strands  of  small  wire  ropes,  up  to  large  laying  machines 
holding  2000  lbs.  to  each  reel.     It  is  also  built  for  making  19  wire  strand. 


24  REEL  HORIZONTAL  CABLING  MACHINE, 

This  machine  is  of  the  planetary  type  in  which  the  reels  are  kept  in  a 
vertical  position  by  means  of  cranks  and  an  eccentric  ring  at  the  rear  of 
the  machine. 

It  is  built  in  single  heads  or  in  tandem  form  with  any  combination  of 
heads  and  is  used  for  making  cables  of  concentric  strand  and  also  for 
armoring  cables. 

We  are  prepared  to  furnish  this  type  of  machine  in  a  large  variety  of 
sizes. 

Take  up  Fixtures  for  the  above  machines  are  built  in  either  the  .single 
drum  or  the  double  grooved  drum  types. 

Wind  up  Reel  Fixtures  with  automatic  and  adjustable  traverse  motions 
can  be  furnished  suitable  to  handle  anv  .size  of  reels. 
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Wire    Rope    and  Cables 


LAMP  CORD  OF  ALL  KINDS  AND  SIZES 


SOLID  CONDUCTOR  AMERICORE  RUBBER-COVERED 

BRAIDED  WIRE 
Fulfilling  National  Code  Specifications,  v;ith    varying  thick- 
nesses of  rubber,  according  to  required    working  voltage 


AMERICAN  STEEL  &  WIRE  CO. 

CHICAGO      NEW  YORK       WORCESTER       DENVER       SAN  FRANCISCO 

Sales  Offices: 

CHICAGO    -    -    -     72  \V.  Adams  St.  CLEVELAND     -      -      -      -      Western  Reserve  Bldg. 

NEW  YORK    -    -    -    30  Church  St.  DETROIT    -------    Foot  of  First  St. 

WOKCKSTKU       -    -      94  Grove  St.         ST.  LOUIS 3d  National  Bank  Hldsr. 

H(tST()\       -     -    -     120  Franklin  St.        DENVER 1st  Nati.nKil  Hank  Bid-:. 

PrrTSnrHGll      -    -    -     Frlok  Bldj;.  ST.  PAUL-MINNEAPOLIS  -  Pioneer  BklK..  St.  Paul 

CINCINNATI     -     Union  Trust  Bidj;.  SALT  LAKE  CITY      -      -      -      -      Dooley  Building 

ELECTRICAL  WIRE  CABLES  AND  WIRE  ROPE 


We  manufacture  Bare  Cop- 
per Wires  and  Cables  for 
Telegraph,  Telephone,  Street 
Railway  and  Long-Distance 
Power  Transmission  pur- 
l^o.ses;  also.  Insulated  Wire 
of  all  kinds,  such  as  Weather- 
proof Wires  and  Cables  for 
Arc  Lighting  and  Street  Rail- 
way Feeders,  Slow-Burning 
Wires  for  Mill  Construction; 
Magnet,  Office  and  Annun- 
ciator Wires,  Lamp  Cord, 
Submarine  Cables,  Car  Wires 
together  with  all  kinds  of 
Rubber  Wires  for  the  interior 
wiring  of  offices  and  build- 
ings. Our  American  and 
Crown  Wires  are  unsurpassed 
for  this  purpose.  We  are  also 
manufacturers  of  Lead-En- 
cased Cables  for  underground 
service,  the  same  being  in- 
sulated with  either  rubber, 
paper  or  varnished  cambric, 
for  electric  lighting  or  power. 

The  cuts  shown  herewith 
illustrate  a  few  of  the  many 
varieties  of  Electrical  ^^'ires 
and  Cables  made  by  the 
.\merican  Steel  &  Wire  Com- 
pany. 

UNITED    STATES    STEEL 
PRODUCTS   COMPANY 

Export  Department 
New  York  30  Church  St. 

Pacific  Coast  Dept. 
San  Francisco    -      -     Rialto  Bldg. 
Portland       -       -  Sixth  &  Alder  Sts. 
Seattle     -     - 

4th  Ave.,  South  &  Conn.  Sts. 
Los  Angeles 

Jackson  &  Central  Aves. 


SOLID  CONDUCTOR  DUPLEX  CROWN  RUBBER-LEAD- 
ENCASED    CABLE 
Varying  thicknesses  of  rubber  and  lead  as  required 


STRANDED  CONDUCTOR  DUPLEX  CROWN  RUBBER- 
COVERED  BRAIDED  CABLE 

Made   to    National  Code   Specifications  and  also  insulated 
for  special  requirements 


STRANDED  CONDUCTOR  VARNISHED  CAMBRX 
LEAD-ENCASED   CABLE 
For  underground  use.      Varying  thicknesses  of  rubber  ac- 
cording to  working  voltage 


STRANDED  CONDUCTOR  CROWN  RUBBER-COVERED 

TAPED  AND  BRAIDED  CABLES 
National  Code  thickness  of  rubber  as  well  as  heavier  thick- 
nesses for  special  voltages,  both  ordinary  black  finish  and 
fireproof  finish  for  station  wiring  and  general  use 
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JVntcr  Filters 


LOOMIS-MANNING 
FILTER  DISTRIBUTING  COMPANY 

PHILADELPHIA,  PA. 

Branch  Offices: 
New  York,  Chicago,  Boston,  Buffalo,  BaUimore,  Wasliington 


Loomis-Manning  Filters  are  designed  with  three  essen- 
tial features  in  view: 

Efficiency:  This,  in  a  filter,  means  the  ability  to  thor- 
oughly cleanse  the  filter  bed  each  time  it  is  washed.  For 
unless  the  filter  bed  is  kept  broken  up,  free  from  lumps  of 
all  kinds  which  form  around  the  gelatinous  mass  which 
has  been  collected  by  the  filter  bed,  the  effectiveness  of 
the  filter  will  become  less  and  less  until  it  is  nothing. 
By  the  reverse  flow  of  the  water,  the  filter  bed  of  a  Loomis- 
Alanning  Filter  is  caused  to  pass  up  and  down  through 
the  Loomis  Cutting  Plate  which  breaks  up  the  mass  of 
accumulated  impiu'ities  so  that  they  are  purged  from  the 
bed  and  carried  off  into  the  waste.  The  entire  bed  is  in 
motion,  becoming  cleansed,  at  each  washing.  No  part  of 
it  is  so  heavy  that  it  lies  stagnant.  The  bed  is  a  uniform 
grade  of  material  from  top  to  bottom. 


Simplicity:  The  IVIanning  Single  Controlling  Valve  takes  the  place  of  five 
gate  valves  and  also  prevents  all  chance  of  errors.  By  moving  one  lever  to 
four  stations,  plainly  marked  on  a  dial,  the  action  of  the  filter  may  be  either 
filtering,  washing  the  filter  bed,  filtering  to  waste  (sometimes  called  re-washing) 
or  the  filter  may  be  by-passecl.  A  sight  glass  is  provided  so  that  it  is  possible 
to  see  the  quality  of  the  filtered  water  and  watch  the  cleansing  of  the  filter 
bed,  j)reventing  an  extravagant  use  of  water  for  washing. 

Durability:  The  cylinders  and  heads  are  close  grained  cast  iron,  to  obtain  the 
maximum  durability.  All  materials  coming  into  contact  with  wa':^r  are  selected 
to  resist  corrosive  action.  Bronze  controlling  valve,  tinned  copper  screen  plates, 
brass  studs,  galvanized  iron  or  brass  pipe  and  fittings,  etc.,  reduce  repairs  to  a 
minimum. 


Essential 


Details:  The  filter  bed  rests  on  tinned  copper  screen  plates,  extend- 
ing under  its  entire  area,  bringing  about  a 
uniform  collection  of  the  filtered  water  and 
a  uniform  distribution  of  the  washing 
water,  insuring  a  thorough  cleansing.  The 
Loomis  Confining  Plate  extends  across  the 
filtering  chamber  near  the  top  and  prev- 
ents all  fish,  sticks,  stones,  etc.,  from 
entering  and  becoming  a  permanent  part 
of  the  filter  bed.  These  screen  plates  are 
sand  tight,  preventing  ixny  loss  of  the 
filtering  material  into  pipe  lines,  pumps, 
etc.  Baffles  are  provided  in  the  top  and 
bottom  heads  to  distribute  the  water  as  it 
enters  for  filtration  or  for  washing.  Ample 
space  is  provided  to  enable  the  bed  to 
wash  properly.  The  coagulant,  if  necessary, 
is  fed  by  our  indirect  method,  accurately 
controlled. 

Send  for  List  of  Installations. 
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NEW    MEMBERS 

The  Amendments  to  the  Constitution  which  are 
brought  to  the  attention  of  the  membership  in  this  issue 
of  The  Journal  are  of  vital  importance  to  the  welfare  of 
the  Society  and  should  receive  the  careful  consideration 
of  every  voting  member. 

Their  adoption,  followed  by  the  interest  on  the  part 
of  the  entire  membership  to  bring  into  the  Society  all 
prominent  engineers  not  now  identified  with  it,  cannot 
fail  to  result  in  a  new  era  of  progress.  Over  600  mem- 
bers have  been  admitted  during  the  year,  a  gain  of  over 
15  per  cent. 

Coincident  with  the  beginning  of  the  new  fiscal  year 
on  October  1,  the  Committee  on  Increase  of  Membership 
opens  a  new  campaign.  If  each  member  will  give  a 
little  attention  to  this  matter  7iow  there  is  no  reason  why 
a  large  number  of  eminent  engineers  should  not  be  co- 
operating in  the  work  of  the  Society  this  time  next  year. 

Every  member  is  urged  to  participate  in  this  activity 
and  to  invite  men  of  attainment  to  become  identified 
with  the  Society.  This  Committee  will  give  careful 
attention  to  all  suggestions  received,  but  the  success  of 
this  undertaking  depends  upon  the  interest  of  the  entire 
membership. 

COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

I.  E.  MouLTROP,  Chmn.  W.  T.  Donnelly 

C.  W.  Aiken  J.  P.  Ilsley 

J.  v.  v.  CoLWELL  E.  B.  Katte 

R.  M.  Dixon  H.  S.  Wynkoop 
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October  5,  Philadelphia,  Pa.  Paper,  The  International 
Smoke  Abatement  Exhibition,  held  in  London, 
March  and  April  1912,  by  George  H.  Perkins. 

October  8,  New  York  City,  Engineering  Societies  Building, 
8.15  p.m.  Topic,  Smoke  Abatement,  with  report  on 
International  Smoke  Abatement  Exhibition  and 
Conference,  held  in  London,  March  1912,  by  George 
H.  Perkins,  head  of  the  Engineering  department  of 
the  Lowell  Textile  School,  at  which  he  represented 
the  Society  and  the  Lowell  Textile  School.  Discus- 
sion by  authorities  on  the  subject  from  other  cities. 

October  16,  Boston,  Mass.  Paper,  The  Mississippi  River 
Development  at  Keokuk,  Hugh  L.  Cooper. 

October  24,  Cincinnati,  Ohio.  Organization  meeting  of  the 
members  in  Cincinnati  and  vicinity,  to  be  addressed 
by  an  official  representative  of  the  Society. 

November  13,  New  Haven,  Conn.  Annual  fall  meeting  in 
Mason  Laboratory,  Sheffield  Scientific  School. 
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THE  ANNUAL  MEETING 

Since  the  close  of  last  winter's  season  the  Annual  Meeting, 
to  be  held  in  New  York,  December  3-6,  has  been  receiving  the 
attention  of  the  Committee  on  Meetings  and  sessions  have  been 
definitely  laid  out  and  arrangements  made  for  the  solicitation 
and  examination  of  papers  by  sub-committees  appointed  for  that 
purpose.  As  already  announced,  a  joint  meeting  of  these  sub- 
committees and  of  the  Committee  on  Meetings  was  held  in  the 
rooms  of  the  Society  last  July  to  discuss  plans  for  the  Annual 
Meeting  and  to  determine  which  of  the  committees  would  be 
prepared  to  take  a  session  at  that  time  for  the  presentation  of 
subjects  coming  within  its  scope.  There  will  be  sessions  held 
in  charge  of  the  following  sub-committees:  textiles,  administra- 
tion, cement  manufacture,  machine  shop  practice,  and  railroads, 
and  the  Gas  Power  Section  will  also  hold  its  usual  meeting. 
Other  sub-committees  also  may  contribute  one  or  more  papers  to 
which  parts  of  sessions  will  be  devoted  and  there  will  also  be  con- 
tributions by  local  sections  of  papers  which  have  been  presented 
Avith  marked  success  at  monthly  meetings  in  different  cities.  For 
so  early  a  date,  an  unusuall^v  large  number  of  papers  are  already 
on  hand,  some  of  which  appear  in  this  and  in  the  September 
issues  of  The  Journal. 
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Recently  the  various  committees  interested  in  the  entertain- 
ment of  members  and  guests  at  the  time  of  the  Annual  Meet- 
ing have  held  a  conference  to  discuss  ways  and  means  for  meet- 
ing the  expenses  of  such  entertainment.  Heretofore  these  ex- 
penses have  been  met  mainly  by  subscriptions  solicited  from 
the  New  York  membership.  It  is  now  proposed  that  certain 
of  the  functions,  such  as  the  President's  deception  which  is 
distinctly  a  Society  affair,  shall  be  paid  for  out  of  the  general 
funds,  but  that  it  will  be  in  accord  with  the  wishes  of  the  mem- 
bership at  large  and  with  what  is  coming  to  be  the  accepted  pro- 
cedure among  the  leading  organizations,  if  each  member  who  at- 
tends shall  bear  his  proportion  of  the  expenses  for  the  social 
affairs  not  strictly  related  to  the  work  of  the  Society,  such,  for 
example,  as  the  luncheons  between  sessions  and  the  usual  recep- 
tion and  dance  on  Thursday  evening  of  the  Convention.  Circu- 
lars are  now  being  sent  to  the  membership  outlining  the  plan 
more  in  detail  and  calling  for  a  statement  from  those  who  are 
to  attend  as  to  what  entertainment  will  be  desired. 

Altogether  the  indications  are  that  the  coming  Annual  Meet- 
ing will  be  among  the  very  best  and  perhaps  the  most  elaborate 
which  has  been  held  in  point  of  professional  meetings  and  that 
the  entertainment  features  will  be  conducted  on  a  better  basis. 

On  Wednesday  evening  of  the  meeting  there  will  be  a  feature 
in  which  the  entire  membership  will  wish  to  participate,  the 
reception  which  the  members  will  tender  to  Prof.  John  E.  Sweet, 
Honorary  Member  and  Past-President,  to  whose  work  in  the 
formation  of  the  Society  all  are  so  greatly  indebted. 

MEETING  IN  GERMANY 

Arrangements  for  the  meeting  of  the  Society  with  the  Verein 
deutscher  Ingenieure,  which  promises  to  be  the  most  remarkable 
tour  of  the  industries  in  Germany  ever  offered  to  American  en- 
gineers, are  progressing  satisfactorily.  Mr.  Conrad  Matschoss, 
Dozent  of  the  Royal  Polj'^technic  High  School  of  Berlin,  is  now 
visiting  the  United  States  as  a  representative  of  the  German 
society  and  conferring  with  the  Committee  of  Arrangements 
regarding  itinerary,  professional  papers,  etc.  On  the  evening  of 
October  8  a  dinner  will  be  tendered  to  Mr.  Matschoss  by  the 
Council. 

In  general,  the  date  of  departure  will  probably  be  June  11, 
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making  it  possible  for  the  party  to  arrive  in  Germany  on  Satur- 
day, June  21.  Here  the  party  will  be  received  by  the  municipal 
authorities  and  given  an  opportunity  to  visit  the  great  ship- 
yards, before  going  on  by  special  train  to  Leipzig,  either  on 
the  same  or  the  following  day.  Hotel  reservations  in  Leipzig 
have  already  been  made,  so  that  the  party  will  be  ensured  of 
satisfactory  accommodations.  Sunday  evening,  the  22d,  will  be 
the  occasion  of  an  informal  gathering  to  promote  acquaintance- 
ship, preceding  the  more  formal  opening  on  Monday  morning, 
June  23.  At  this  opening  there  will  be  a  formal  welcome  by 
the  King  of  Saxony  and  the  municipal  authorities,  and  two 
addresses,  one  by  a  representative  of  the  Verein  and  the  other 
by  a  representative  of  our  Society,  which  will  probably  be  on 
general  subjects,  such  as  the  history  of  engineering,  the  relation 
of  capital  and  labor,  and  the  effect  on  industry  of  technical 
education.  Tuesday,  the  last  day  to  be  spent  in  Leipzig,  will  be 
devoted  to  technical  papers  and  to  various  social  events  and 
participation  in  the  patriotic  gathering  in  commemoration  of  the 
battle  of  Leipzig,  followed  by  a  gala  concert  by  the  Gewandhaus 
Orchestra  under  Mr.  Arthur  Nikisch. 

The  party  will  leave  on  Wednesday  for  a  tour  of  industrial 
Germany,  visiting  the  principal  cities,  such  as  Dresden,  Berlin, 
Essen,  where  the  Baroness  von  Bohlen  (geboren  von  Krupp) 
will  receive  the  party  at  the  Krupp  works,  rarely  thrown  open 
to  visitors,  Dusseldorf  and  Cologne,  with  receptions  by  munici- 
pal authorities,  and  will  make  a  trip  up  the  Rhine  as  far  as 
Frankfort.  At  Rudesheim  there  will  be  a  grand  festival  on  the 
embankments,  and  at  Mannheim  the  Hoeschst  Chemical  Works 
will  be  visited.  On  July  4  the  members  of  the  Society  will  par- 
ticipate in  the  customary  American  celebration  arranged  by  the 
Ambassador  to  Germany. 

The  final  meeting  will  be  held  in  Munich  about  July  10,  in 
connection  with  the  Museum  of  Technical  Arts,  of  which  Dr. 
von  Miller  is  director.  It  is  expected  that  the  Prince  of  Bavaria 
and  the  Mayor  of  Munich  will  also  receive  the  party.  The  entire 
trip  through  Germany  and  the  various  official  receptions  are 
being  arranged  by  a  committee  of  the  German  society  and  there 
is  already  the  keenest  interest  shown  in  the  visit  by  municipal 
authorities  and  the  heads  of  industrial  establishments. 

To  assist  our  Committee  of  Arrangements  it  is  essential  that 
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all  those  who  expect  to  make  the  trip  shall  give  their  decision  at 
once  so  that  the  best  accommodations  may  be  secured.  The  larger 
the  party,  the  better  will  be  the  facilities  which  the  transporta- 
tion companies  will  offer.     Guests  may  be  included  in  the  trip. 

CURRENT  AFFAIRS  OF  THE  SOCIETY 

The  Secretary  is  able  to  announce  that  the  subscriptions  to 
the  Kelvin  Memorial  which  have  thus  far  been  received  amount 
to  $510,  one  hundred  and  forty  members  having  con- 
tributed, and  that  as  soon  as  complete  returns  are  re- 
ceived the  entire  fund  will  be  sent  to  the  committee 
in  England,  together  with  the  amounts  secured  by  the 
American  Society  of  Civil  Engineers,  the  American  In- 
stitute of  Mining  Engineers,  the  American  Institute  of  Electrical 
Engineers,  the  Canadian  Society  of  Civil  Engineers,  and  the 
Society  of  Naval  Architects  and  Marine  Engineers.  This  me- 
morial is  a  fitting  tribute  to  one  of  the  greatest  members  of  the 
engineering  profession  and  is  one  in  which  every  engineer  of  the 
English-speaking  world  should  have  a  part. 

The  Society  history  which  has  been  in  preparation  by  the 
committee  appointed  by  the  Council  will  probably  be  completed 
this  fall  and  published  in  the  spring  of  1913.  The  members  of 
the  committee  are  John  E.  Sweet,  H.  H.  Suplee.  and  F.  E. 
Hutton,  Professor  Hutton  having  l)een  appointed  to  the  place  of 
the  late  Charles  Wallace  Hunt. 

On  August  21.  many  prominent  engineers  and  business  men 
joined  in  the  congratulations  sent  to  John  Fritz,  Honorary 
Member  and  Past-President  of  the  Society,  on  his  ninetieth  birth- 
day. The  good  wishes  of  the  Society  were  conveyed  to  Mr.  Fritz 
by  the  Secretary  in  a  telegram. 

Calvix  W.  Eice,  Secrefary. 


CORRECTION  IX  SEPTEMBER  ISSUE  OF  THE  .lOURNAL 

Attention  is  drawn  to  the  following  error,  occurring  on  page 
1370,  line  11,  of  the  September  issue  of  The  Journal,  in  the 
closure  of  A.  G.  Christie :  '"  the  efficiency  ratio  of  the  unit  shall 
not  exceed  that  represented  by  the  guarantee, "  should  read, 
"  the  efficiency  ratio  of  the  unit  shall  not  he  less  than  that  repre- 
sented by  the  guarantee." 
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NEW   HAVEN   MEETING 

The  fall  meeting  of  the  New  Haven  Section  will  be  held  on 
Wednesday,  November  13,  with  afternoon  and  evening  sessions, 
at  the  jNIason  Laboratory  of  the  Sheffield  Scientific  School.  In 
the  announcement  of  this  meeting  issued  by  the  Committee  on 
Meetings  for  New  Haven,  the  following  four  subjects  are  sug- 
gested for  future  meetings  upon  which  members  in  the  vicinity 
are  asked  to  express  their  choice  and  to  offer  papers  for  dis- 
cussion: the  market  for  Connecticut  manufactured  products; 
garbage  disposal  for  cities;  the  transportation  of  materials  in 
manufacturing  plants;  and  education  for  engineers. 

REPORT  OF  THE  NOMINATING  COMMITTEE 

The  Secretary,  according  to  B  29  of  the  Constitution  and  By- 
Laws,  announces  the  receipt  of  the  following  report  from  the 
Nominating  Committee,  consisting  of  Ambrose  Swasey,  Chair- 
man, A.  E.  Cluett,  W.  B.  Gregory,  John  Hunter,  William 
Schwanhausser :  For  President,  W.  F.  M.  Goss,  Urbana,  111. ; 
Vice-Presidents  (for  two  3'ears),  James  Hartness,  Springfield, 
Vt.,  I.  E.  Moultrop,  Boston,  Mass.,  H.  G.  Stott,  New  York;  Man- 
agers (for  three  years),  W.  B.  Jackson,  Chicago,  111.,  H.  M. 
Leland,  Detroit,  Mich.,  Alfred  Noble,  New  York;  Treasurer, 
Wm.  H.  Wiley.  All  of  the  nominees  have  been  notified  and  have 
accepted. 


TWO    INTERNATIONAL    CONGRESSES 

During  the  past  month  two  international  congresses  have  been 
held  in  this  country:  the  Sixth  Congress  of  the  International 
Association  for  Testing  Materials  and  the  Eighth  International 
Congress  of  Applied  Chemistry. 

THE  INTERNATIONAL  ASSOCIATION  FOR  TESTING  MATERIALS 

The  International  Association  for  Testing  Materials  met  in 
the  Engineering  Societies  Building,  New  York,  September  2  to 
7,  with  an  attendance  of  more  than  700  delegates  from  28  dili'erent 
countries.  On  the  evening  of  the  opening  day  a  reception  was 
tendered  the  delegates  by  the  Society,  in  association  with  the 
American  Society  of  Testing  Materials  and  the  founder  societies. 

The  movement  which  resulted  in  the  establishment  of  this 
association  was  started  in  1882  by  J.  Bauschinger,  for  the  pur- 
pose of  establishing  uniform  methods  of  testing  the  most  im- 
portant materials  of  construction.  Four  conferences  were  held 
under  the  chairmanship  of  the  founder:  at  Munich  in  1884,  at 
Dresden  in  1886,  at  Berlin  in  1890  and  at  Vienna  in  1893.  At 
first  only  nations  speaking  the  German  language  were  repre- 
sented, but  the  conferences  rapidly  assumed  an  international 
character.  In  1893  the  United  States  was  represented  by  Gus- 
tavus  C.  Henning,  Mem.Am.Soc.M.E. 

The  first  congress  met  in  Zurich  in  1895,  L.  Tetmajer,  presi- 
dent, and  it  was  here  decided  to  replace  the  somewhat  informal 
meetings  by  a  permanent  organization  under  the  name  of  the 
International  Association  for  Testing  Materials.  In  the  same 
year  was  started  the  publication  of  the  official  organ  of  the 
association.  Die  Baumaterialienkunde.  The  second  congress  took 
place  in  Stockholm  in  1897  when  the  association  was  joined  by 
English  members  of  the  Iron  and  Steel  Institute.  Such  papers 
as  Osmond's  Metallography  as  a  Method  of  Testing,  Rejto's  In- 
ternal Friction,  and  Carnot's  Chemical  Analysis  of  Iron,  pre- 
sented before  that  meeting  have  a  definitely  recognized  place  in 
the  history  of  engineering.    In  1901  when  the  association  held  its 
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third  congress  in  Budapest,  the  membership  had  grown  to  1800. 
Two  papers  made  this  meeting  a  notable  one,  Consid^re's  Prop- 
erties of  Reinforced  Concrete,  which  was  then  only  slightly 
known  as  a  material  of  construction,  and  Baron  JornstorH's, 
which  discussed  the  forms  of  carbon  in  iron  and  showed  that 
the  chemical  analysis  of  metals  as  carried  on  up  to  that  time  was 
absolutely  inadequate,  and  that  a  rational  method  of  analysis 
was  required  to  determine  the  forms  and  combinations  of  the 
constitutent  elements  of  metals. 

For  the  fourth  congress  in  Brussels  in  1906  Le  Chatelier  and 
Guillet  organized  a  laboratory  containing  some  of  the  most 
modern  testing  machinery  for  both  mechanical  and  metallo- 
graphic  tests  of  metals.  Many  of  the  papers  presented  before 
the  meeting  were  the  results  of  the  work  of  international  com- 
missions. This  is  an  important  feature  of  the  association  for  it 
both  insures  a  high  quality  of  the  papers  submitted  and  facili- 
tates the  adoption  of  the  resolutions  of  the  congresses  by  official 
bodies  in  the  various  countries. 

The  fifth  congress  was  held  in  Copenhagen,  with  900  members 
present,  representing  22  countries.  Particular  attention  was  paid 
to  metallography :  Professor  Schule,  Dr.  Leon  and  Dr.  Ludwik 
discussed  hardness  and  impact  testing,  while  Dr.  Moldenke, 
Mem.Am.Soc.M.E.,  presented  the  official  report  on  uniform 
methods  of  testing  cast  iron.  Valuable  papers  were  also  read  on 
the  testing  and  properties  of  cement,  stone  and  concrete.  An 
important  branch  of  the  work  of  the  association  is  the  establish- 
ment and  adoption  of  international  specifications  and  nomen- 
clature, the  report  of  the  committee  of  the  uniform  nomenclature 
of  iron  and  steel,  especially  the  nomenclature  of  the  microscopic 
constituents  of  iron  and  steel,  by  H.  M.  Howe  and  A.  Sauveur  of 
this  country,  being  an  example. 

The  association  now  numbers  about  2800  members  representing 
about  every  country  of  the  world.  Among  the  papers  presented 
at  the  sixth  congress  may  be  mentioned  the  following :  C.  Grard 
(Studies  of  Hardness  of  Steels)  showed  that  hardness  tests 
may  be  used  in  place  of  tension  tests  by  multiplying  the 
hardness  number  by  a  constant,  or  may  serve  for  tests  of  homo- 
geneity, and  specified  the  precautions  necessary  to  attain  the 
required  precision ;  the  author  considered  it  practicable  to  specify 
hardness  and  impact  test  requirements  in  steel  specifications. 
G.  Charpy  (committee  paper  on  Impact  Tests)  stated  that  the 
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tests  made  by  the  (•oiiuiiitlee  with  the  tAvo  sizes  of  burs  approved 
by  the  fifth  congress  (30  by  30  mm.,  120  mm.  span,  and  10  by  10 
mm.,  40  mm.  span)  proved  that  equality  of  results  is  not  bound 
to  hold,  and  that  smaller  bars  give  smaller  values.  M.  Derihon 
(Remarks  on  the  Brittleness  Test)  believed,  after  having  used 
the  Fremont  impact  test,  that  was  a  reliable  means  of  discovering 
brittleness  and  was  not  an  unduly  severe  method  of  test;  the 
author  had  used  it  since  1904,  with  up  to  12,000  tests  per  month, 
for  all  steel  bought  or  treated  in  his  plant,  and  now  had  only 
0.3  per  cent  rejections.  C.  Fremont  (A  New  Testing  Method  for 
Steel  Tubes)  suggested  application  of  the  notched  bar  impact 
test  to  tubes  and  said  if  a  narrow  ring  of  the  tube  were  flattened, 
doubled  to  U-shape,  notched  by  a  saw  cut,  and  tested  in  the 
Fremont  machine  it  should  give  at  least  16  kgm.  per  sq.  cm. 
(1072  ft- lb.  per  sq.  in.)  initial  sectional  area. 

T.  E.  Stanton  gave  an  account  of  the  recent  researches  at  the 
National  Physical  Laboratory  at  Teddington  on  the  resistance  of 
metals  to  alternating  stresses.  He  said  that  rapidity  of  altera- 
tions had  no  influence  on  the  results  up  to  7000  per  minute,  and 
maximum  range  of  stress  was  about  the  same  as  the  high  yield- 
point  value;  strength  for  hmg-time  endurance  was  apt  to  be  in 
the  reverse  order  of  the  single  blow  impact  strengths,  while 
repeated  impact  strength  could  be  computed  from  the  simple 
fatigue  strength.  O.  Boudouard  (Endurance  Test  of  Metals) 
presented  a  neAV  method  of  testing  by  measuring  the  damping  of 
vibrations.  C.  W.  Burrows  showed  that  thei'e  was  a  close  rela- 
tionship between  the  magnetic  pro})erties  and  the  presence  of 
flaws,  blowholes  and  strains,  while  elastic  limit,  tensile  strength, 
and  hardness  were,  within  certain  limitations,  functions  of  the 
magnetic  reluctance  and  electric  resistance  of  the  materials.  He 
believed  therefore  that  certain  electric  and  magnetic  tests  may  be 
used  to  supplement  or  replace  certain  mechanical  tests.  Several 
other  papers  indicated  the  existence  of  the  same  relationship 
between  the  mechanical  and  nuignetic  properties  of  steel.  F. 
Robin  in  his  paper.  Several  Mechanical  Properties  of  Metals  in 
the  Hot  State,  demonstrated  that  iron  and  pearlitic  steel  under 
static  stress  showed  a  minimum  strength  at  about  100  deg.,  a 
maximum  at  about  250  deg.,  and  a  bend  in  the  curve  at  about 
.500  deg.  TTnder  dynamic  stress  the  minimum  was  found  near 
300  deg.  and  the  maximum  at  about  500  deg.  cent.  The  effect  of 
the  coldworking  of  hard  metals  grew  with  the  temperature  and 
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tended  to  increase  their  resistant  qualities;  on  the  other  hand, 
heating  (.liniinished   the   resistance   progressively,   and    the   two 
elt'ects  would  bring  about  a  minimum  of  the  properties  of  re- 
sistance, which  accidentally  fell  near  100  deg.  cent.    O.  (Jallander 
showed  how  the  depth  of  a  crack  in  a  conductive  metal  may  be 
determined  electrically,  while  A.  Mesnager  (A  Method  of  Fore- 
seeing Rail  Fractures)  claimed  that  surface  fissures  on  the  head 
of  a  rail  have  a  great  influence  in  causing  fractures,  and  a  picture 
of  the  surface  of  a  rail  wdth  its  fissures  and  defects  may  help 
to  determine  the  primar}^  cause  of  an  accident  in  a  case  of  de- 
railment, by  showing  wdiether  or  not  the  rail  was  brittle  on 
account  of  internal  fissures.     W.   Campbell   and   J.   Glassford 
found,  from  a  study  of  23  specimens  of  pig,  cast  iron  and  steel 
subjected  to  prolonged  exposure  to  superheated  steam  or  many 
repetitions  of  heating  and  cooling,  that  white  cast-iron,  malle- 
able castings  and  steel,  oxidized  superficially,  while  in  gray  cast 
iron   the   oxidation   penetrated   deeper,   foUoAving   the   graphite 
flakes,  the  change  increasing  with  the  silicon  content.    C.  Fremont 
advocated  shearing  as  a  method  of  mechanical  testing  of  cast 
iron.    He  proposed  the  use  of  a  test-piece  5  mm.  square  worked 
from  a  7.5  mm.  cylinder  taken  out  of  the  casting  with  a  core 
drill;  shearing  this  test-piece  every  3  mm.  along  its  length  gave 
data  on  strength  at  dilferent  depths  below*  the  surface.     T.  D. 
West,  Mem.Am.Soc.M.E.,  (A  Suggested  System  of  Test-bars  for 
Chillable  Irons)   stated  that  in  testing  chillable  irons  both  the 
white  and  the  gray  phase  should  be  tested,  and  described  the 
molds  for  both.    E.  Moldenke,  Mem.Am.Soc.M.E.,  criticized  the 
tendency  to  push  unduly  the  quality  of  a  cheap  material  to  its 
upper  limit,  rather  than  to  step  at  once  to  the  higher  grade 
material.     De  Nolly  and  Veyret  after  stud,ving  the  gases  disen- 
gaged by  various  carburizers  to  determine  the  cause  of  explosions 
which  occur  in  case  hardening,  concluded  that  hydrogen  emitted 
at   higher  temperatures   by   the   case-hardening   materials   w^as 
the  probable  cause  of  these  explosions.    They  recommended  there- 
fore that  carburizers  containing  much  animal  or  vegetable  matter 
not  sufficiently  calcined  l)e  not  used,  but  instead  well  calcined 
charcoal  alone  or  mixed  with  barium  carbonate,  the  heating  be- 
ing slow  up  to  700  deg.  cent.    (1292  deg.  fahr.).     N.  Pecoraro 
(Researches  on  White-metals)    stated  that  the  temperature  of 
bearing  metals  seemed  to  have  a  distinct  influence  on  their  re- 
sistance to  wear,  and  the  only  mechanical  tests  having  practical 
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value  are  the  hardness  test,  impact  tests  which  may  give  indica- 
tions as  to  brittleness,  and  sucli  tests  in  gradual  compression  as 
measure  the  value  of  the  metal  for  supporting  its  working  loads. 
C.  Fremont  described  a  new  testing  method  for  steel  wire,  being 
an  adaptation  of  the  impact  tests  with  the  wire  notched  with 
a  file. 

In  section  B,  Cement  and  Stone,  several  papers  were  devoted 
to  the  determination  of  the  very  fine  powder  in  portland  cement, 
but  without  any  definite  proposals  having  been  made  as  yet 
by  the  committee.  E.  G.  Coker,  by  applying  the  method  of 
polarized  light  effects  in  transparent  bodies  under  stress  to  cellu- 
loid models  of  cement  of  the  English,  American,  and  continental 
forms  established  the  fact  that  different  test  results  would  be 
shown  in  cement  tests  with  briquettes  of  different  forms.  J.  Y. 
Jewett  in  describing  the  tests  of  construction  materials  by  the 
United  States  Reclamation  Service  called  attention,  among  other 
things,  to  the  superiority  of  sands  made  from  crushed  rock, 
such  as  granite,  limestone  and  basalt,  over  natural  quartz  sands, 
for  the  production  of  concrete,  while  Bertram  Blount  (Acceler- 
ated Tests  for  Constancy  of  Volume  of  Cement)  stated  that  no 
case  had  been  found  where  a  cement  which  stood  the  Le  Chate- 
lier  test  proved  unsound  later,  and  that  since  this  test  had  been 
introduced  in  England  there  had  been  no  difficulty  in  obtaining 
cement  that  would  stand  it.  Speaking  on  the  basis  of  experi- 
ments made  by  the  Association  of  German  Portland  Cement 
Works,  M.  Gary  stated  that  comparative  tests  showed  that  the 
Le  Chatelier  test  did  not  give  concordant  results  in  different 
laboratories,  and  that  the  material  and  make  of  the  apparatus 
influenced  the  results;  no  cement  proved  unsound  in  use  after 
passing  the  standard  cold-water  test,  but  the  boiling  test  rejected 
many  cements  which  proved  wholly  sound  in  use.  The  last  state- 
ment was  not  accepted  by  F.  Schule  who  believed  that  cements 
which  are  to  be  used  in  dry  exposure  should  be  subjected  to 
the  boiling  test,  as  is  done  in  Switzerland. 

The  association  continued  its  important  work  on  the  action 
of  seawater  on  concrete.  V.  J.  P.  de  Blocq  van  Kuff'eler  reported 
that  experience  in  Holland  indicated  that  reinforced  concrete 
was  sufficiently  permanent  to  warrant  its  use  for  marine  con- 
struction, but  the  following  rules  should  be  strictly  adhered  to: 
only  slow-setting  portland  cement  should  be  used;  mixing  and 
ramming  to  be  done  with  great  care;  trass  or  other  puzzolanic 
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additions  are  desirable ;  the  mortar  should  be  dense  and  the  mix- 
ture rich;  setting  in  the  moist  air  before  immersion  in  the  sea 
is  advantageous.  The  Porosity  of  Mortars  was  the  subject  of  a 
paper  by  J.  Bied  who  found  that  an  important  degree  of  im- 
permeability to  diffusion  could  be  imparted  to  mortars  exposed 
to  the  action  of  seawater  by  adding  to  them  at  the  time  of  mix- 
ing barium  aluminate  transformed  into  barium  sulphate,  the 
latter,  in  precipitating,  closing  the  capillary  pores;  a  certain 
degree  of  impermeability  could  also  be  secured  by  the  addition 
of  fatty  or  gelatinous  materials,  such  as  mineral  oils. 

In  Section  C,  Miscellaneous  Materials,  there  were  presented 
several  papers  on  the  testing  of  paint  materials,  treating,  among 
other  things,  of  the  influence  of  the  pigment  on  the  underlying 
metal  (A.  S.  Cushman:  Paints  for  Metallic  Structures).  G. 
Janka  proposed  the  inclusion  of  hardness  pressure  of  wood  by 
the  ball-pressure  method  among  the  standard  timber  tests  of 
the  association;  the  hardness  of  wood  was  found  to  correspond 
generally  to  the  crushing  strength,  with  the  exception,  however, 
of  trees  of  eccentric  trunk  growth  where  the  wide-ringed  side 
was  harder  than  the  other,  but  lower  in  strength.  L.  Fea  dis- 
cussed the  Practical  Determination  of  the  Viscosity  of  Oils,  stat- 
ing that  the  Engler  figures  can  be  taken  as  equivalent  to  abso- 
lute measures  (it  was  found  that  the  Engler  relative  viscosities 
were  linear  functions  of  the  Pagliani  absolute  viscosities  which 
were  alike  for  all  the  oils),  and  the  wear  coefficient  could  be 
taken  as  a  linear  function  of  viscosity. 

A  considerable  lack  of  agreement  was  evidenced  with  respect 
to  the  adoption  of  international  specifications  for  materials  of 
construction,  both  in  the  section  of  metals  (iron  and  steel),  and 
in  section  B,  with  respect  to  the  standardization  of  the  content 
of  SO3  in  Portland  cement.  Some  delegates  objected  to  the  adop- 
tion of  any  such  specifications  partly  on  principle,  because  they 
considered  that  such  an  act  would  involve  the  International  As- 
sociation in  matters  lying  outside  of  the  domain  of  the  science 
of  engineering;  others  objected  to  such  specifications,  particu- 
larly those  with  regard  to  portland  cement,  because  their  adop- 
tion might  place  at  a  disadvantage  their  home  industries.  As 
a  result,  in  the  case  of  iron  and  steel  specifications  the  com- 
mittee was  transformed  from  a  legislative  body  into  one  whose 
work  will  be  the  compilation  and  dissemination  of  existing 
specifications  in  different  countries,  while  the  committee  on  the 
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content  of  SO3  in  portlaml  coiuent  was  simply  instructed  to 
collect  more  material. 

Unlike  the  former  congresses  of  the  association,  there  were 
no  papers  defending  the  status  of  metallography  of  iron  and 
steel.  The  new  science  has  evidently  obtained  a  recognized  posi- 
tion among  its  older  peers,  and  its  status  cannot  be  questioned 
any  more. 

Another  interesting  feature  of  the  congress  w-as  the  compara- 
tively large  number  of  papers  devoted  to  the  testing  of  materials 
while  in  actual  use,  either  by  electric  or  magnetic  measurements, 
or  by  the  investigation,  in  case  of  rails,  of  outside  fissures. 
President  Howe  in  his  opening  address  went  so  far  as  to  ask, 
'•  Who  shall  say  that  the  pitch  of  volume  or  timbre  of  sound 
emitted  by  a  rail  as  a  result  of  a  given  excitement  may  not  be 
made  to  disclose  pitilessly  its  hidden  defects  and  to  measure  the 
fitness,  not  alone  of  the  material  of  which  it  is  composed,  but 
of  the  rail  as  a  whole  structure?  Or,  giving  rein  to  our  fancy, 
we  hear  the  inspector  report,  '  This  100-story  building  indeed 
responds  to  G-sharp,  but  its  timbre  has  this  abnormality  and 
these  harmonics  are  exaggerated.' ''  The  sixth  congress  was  prac- 
tically the  first  to  bring  forward  as  a  practical  proposition  the 
testing  of  metals  by  indestructible  methods. 

The  next  meeting  is  to  he  held  in  St.  Petersburg  in  1915,  wdth 
Professor   N.   Belelubsky,   of   St.   Petersburg,   as   President. 

INTERNATIONAL  CONGRESS  OF  APPLIED  CHEMISTRY 
The  eighth  International  Congress  of  Applied  Chemistry 
held  in  Washington  and  New  York,  August  31  to  September  11, 
Avas  attended  by  about  350  foreign  delegates  and  a  total  (^f  2223 
persons.  The  bulk  of  the  papers  presented  was  printed  in 
advance  of  the  meetings  and  represented  the  tremendous  expendi- 
ture of  labor  incident  to  the  preparation  of  24  finely  printed 
volumes.  Owing  to  the  difficulty  of  securing  a  sufficient  number 
of  stenographers  for  reporting  the  proceedings  in  their  several 
languages,  an  ingenious  scheme  of  reporting  the  discussions  by 
phonograph  was  adopted,  which,  however,  did  not  prove  to  be 
an  unqualified  success. 

Although  primarily  a  chemical  congress,  it  contained  many 
papers  of  considerable  interest  to  the  mechanical  engineer  as 
well.  C.  G.  Fink  reported  on  the  applications  of  ductile  tungsten, 
a  remarkable  material,  with  the  melting  point  higher  than  that 
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of  platiiiuiii,  tensile  strength  higher  than  that  of  iron  and  nickel, 
practirnll}^  in.soluble  in  all  of  the  connnon  acids,  and  so  hard 
that  it  will  readily  scratch  glass  and  still  be  ductile.  Another 
comparatively  new  metal,  manganese  bronze,  and  methods  of  its 
testing  Avas  the  subject  of  a  paper  by  Wni.  M.  Corse  and  V.  Skill- 
num  who  laid  particular  emphasis  on  the  selection  of  proper 
test  coupons,  and  using  methods  of  testing  corresponding  to  the 
type  of  coupon  selected.  The  electric  furnace  naturally  attracted 
much  attention.  D.  A.  Lyon  pointed  out  that  it  was  not  brought 
out  with  the  idea  of  competing  with  the  blast  furnace,  but  for 
the  purpose  of  developing  a  furnace  and  a  process  which  could 
be  utilized  where  high  cost  prevents  the  use  of  the  blast  furnace. 
The  commercial  operation  of  the  electric  furnace  depends  upon 
the  development  of  cheap  electric  power,  but  outside  of  water 
power  even  the  gas  engine  does  not  appear  at  present  to  be 
cheap  enough  to  permit  of  its  use  for  iron  reduction  furnace 
work.  Bradley  Stoughton  discussed  the  still  mooted  question  of 
the  influence  of  titanium  on  the  strength  of  iron  castings.  Only 
0.9  lb.  per  ton  of  steel  is  required  to -give  increased  resistance 
to  w^ear,  but  the  treatment  must  be  very  carefully  carried  out 
if  good  results  are  to  be  obtained. 

In  the  section  on  cement  W.  A.  Schmidt  presented  a  paper  on 
the  Control  of  Dust  in  Portland  Cement  Manufacture  by  the 
Cottrell  Prescription  Process,  i.e.  by  electrostatic  means,  while 
W.  C.  Keibling  and  F.  D.  Eeyes  discussed  the  physical  and 
chemical  properties  of  portland  cement  and  made  recommenda- 
tions for  increasing  the  efficiency  of  the  present  standard  cement 
specifications  of  the  American  Society  for  Testing  Materials. 

J.  C.  Olsen  and  A.  E.  Ratner  presented  the  results  of  their 
experiments  on  the  decomposition  of  linseed  oil  during  drying, 
showing  that  a  considerable  amount  of  gases  is  given  olf  during 
that  process  (carbon  and  hydrogen).  Several  papers  Avere  pre- 
sented on  lubricating  oils:  T.  T.  Gray  gave  the  results  of  com- 
parative tests  made  with  the  Engler-Saybolt  instruments,  with 
the  ratios  of  the  readings  of  the  two  instruments  given  in  dia- 
grams, so  as  to  permit  a  ready  conversion  from  Engler's  specific 
viscosities  to  Saybolt  viscosities  and  vice  versa.  H.  C.  Porter  and 
F.  K.  Ovitz  discussed  the  question  of  spontaneous  combustion  of 
coal :  temperature  of  the  surrounding  space  is  a  large  factor, 
and  storing  of  coal  in  Avarm  places  is  greatly  conducive  to  spon- 
taneous combustion;  the  presence  of  dust  and  fine  coal  is  also 
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to  be  avoided  as  much  as  possible.  The  rate  of  oxidization  of 
coal  is  a  function  of  the  partial  pressure  of  oxygen  present, 
and  therefore  of  the  rate  of  flow  of  air,  but  freshly  mined  coal 
absorbs  oxygen  more  readily  than  coal  which  has  been  exposed 
to  the  air  some  time. 

The  following  two  statements  made  by  Dr.  Karl  Duisberg, 
of  Germany,  are  particularly  interesting  because  of  the  authority 
of  the  speaker.    The  first  refers  to  the  production  of  cold : 

It  is  hoped  in  the  near  future  to  produce  refrigerating  machines  which, 
by  the  use  of  suitable  hydrocarbons,  will  give  temperatures  of  -  80  deg. 
cent.  Plants  for  the  liquefaction  of  air,  producing  as  low  a  temperature 
as  -  i90  deg.  cent.,  are  becoming  more  and  more  common,  and  are  especially 
profitable  where  gas  mixtures  rich  in  oxygen,  or  where  pure  nitrogen 
simultaneously  produced,  can  be  utilized.  The  Badische  Aniliu  and  Soda 
Fabrik,  in  Ludwigshafen  on  the  Rhine,  intend  to  manufacture  hydrogen 
from  water  gas  in  a  similar  way  and  to  utilize  the  carbon  monoxide^  which 
is  simultaneously  obtained,  as  a  source  of  power. 

Another  important  statement  refers  to  the  commercial  produc- 
tion of  artificial  rubber: 

The  difficulties  which  have  been  overcome  were  great  indeed  and  those 
which  still  remain  to  be  surmounted,  in  order  to  produce  a  substance 
equal  to  para  caoutchouc  in  (piality  and  capable  of  competing  with  cheap 
plantation  rubber  costing  only  2  marks  per  kilo,  are  still  greater.  The 
end  in  view  is  that  artificial  rubber  may  play  as  important  a  role  in  the 
markets  of  the  world  as  does  natural  rubber.  I  do  not  know  when  synthetic 
rubber  will  bring  the  millions  which  pi'ophets  see  in  its  exploitation, 
surely  not  in  the  immediate  future,  although  synthetic  rubber  will  cer- 
tainly appear  on  the  market  in  a  very  short  time.  But  I  hope  to  live 
long  enough  to  see  Art  triumph  here  also  over  Nature. 

The  next  Congress  of  Applied  Chemistry  will  be  held  in  St. 
Petersburg,  Russia,  in  1915,  Professor  Walden,  of  the  Riga 
Polytechnicum,  President. 


AMENDMENTS    TO    CONSTITUTION 

RESPECTING  ELECTION  OF   MEMBERS 

At  the  Spring  Meeting,  Mr.  Jesse  M.  Smith,  at  the  request  of  the 
Council,  offered  the  amendments  suggested  by  the  Committees  on 
Membership  and  Increase  of  Membership. 

In  general  they  make  the  grades  of  membership  similar  to  the 
more  important  American  and  English  societies  and  simplify  the 
method  of  election  and  make  it  also  similar  to  most  societies. 

This  is  accomplished  by  adding  the  engineering  grade  of  Associate- 
Member,  intermediate  between  Member  and  Junior,  and  by  sub- 
stituting election  by  the  Council  for  election  by  the  membership. 

Wherever  the  grade  of  Associate-Member  should  be  added  and 
the  method  of  electing  members  should  be  changed  in  existing 
paragraphs  of  the  Constitution,  it  appears  in  the  subjoined. 

The  following  are  the  proposed  amendments  which  will  be  open 
for  discussion  at  the  Annual  Meeting  in  December: 

AMENDMENTS     TO     THE     CONSTITUTION     TO     BE     PRESENTED 
UNDER   PROVISION   C57 


Annual  Meeting  in  New  York,  December  4,  1912 

Present  Proposed 

C6  The  membership  of  the  Society  shall  C6  The  membership  of  the  Society  shall 
consist  of  Honorary  Members,  Members,  Asso-  consist  of  Honorary  Members,  Members,  Asso- 
ciates, and  Juniors.  Honorary  Members,  ciates,  Associate-Members  and  Juniors. 
Members,  and  Associates  are  entitled  to  vote  Honorary  Members,  Members,  Associates 
and  to  hold  office.  Juniors  shall  not  be  entitled  and  Associate-Members  are  entitled  to  vote 
to  vote  nor  to  be  officers  of  the  Societ.v,  but  and  to  hold  office. 

shall  be  entitled  to  the  other  privileges  of  mem-  Juniors  are  not  entitled  to  vote  nor  to  hold 

bership.  office  but  are  entitled  to  all  the  other  privileges 

of  membership. 

C7     Honorary  Members,  Members  and  As-  C7     Honorary-Members,     Members,     Asso- 

sociates  are  entitled  to  vote  on  all  questions  ciates  and  Associate-Members  are  entitled  to 

before  any  meeting  of  the  Society,  in  person  or  vote  on  all  questions  before  any  meeting  of  the 

by  proxy,  given  to  a  voting  member.     A  proxy  Society,  in  person,  or  by  proxy  given  to  a  per- 

shall  not  be  valid  for  a  greater  time  than  for  six  son  entitled  to  vote.    A  proxy  .shall  not  be  valid 

months.  for  a  greater  time  than  for  six  months. 
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C8  Honorary  Members  shall  be  persons  of 
acknowledged  piofessional  eminence,  and  their 
number  shall  not  excsed  25  at  any  time. 

C9  A  member  shall  be  thirty  years  of  age  or 
over.  He  must  have  been  so  connected  with 
Engineering  as  to  be  competent,  as  a  designer 
or  as  a  constructor,  to  talse  responsible  charge 
of  work  in  his  branch  of  engineering,  or  he  must 
have  served  as  a  teacher  of  engineering  for  more 
than  five  years. 

CIO  An  Associate  shall  be  thirty  years  of 
age  or  over.  He  must  have  been  so  connected 
with  some  branch  of  engineering  or  science,  or 
the  arts,  or  industries,  that  the  Council  will 
consider  him  qualified  to  cooperate  with  en- 
gineers in  the  advancement  of  professional 
knowledge. 


C8  An  Honorary-Member  shall  be  a  person 
of  acknowledged  professional  eminence.  The 
number  of  Honorary-Members  shall  not  exceed 
25  at  any  time. 

C9  A  Member  shall  be  an  Engineer  or 
Teacher  of  Applied  Science  of  thirty  years  of 
age  or  over.  He  must  have  shown  by  his  ex- 
perience or  by  the  responsibility  of  his  duties 
that  he  is  competent  to  take  charge  of  work  in 
his  profession. 

CIO  An  Associate  shall  be  thirty  years  of 
age  or  over.  He  need  not  be  an  Engineer  but 
must  have  been  so  connected  with  some  branch 
of  Engineering  or  science,  or  the  arts,  or  indus- 
tries, that  the  Council  will  consider  him  quali- 
fied to  cooperate  with  Engineers  in  tha  advance- 
ment of  professional  knowledge. 

New  Article — iriRert  between  CIO  and  Cll 


Cll  A  Junior  shall  be  twenty-one  years  of 
age  or  over.  He  must  have  had  such  engineer- 
ing experience  as  will  enable  him  to  fill  a  re- 
sponsible subordinate  position  in  engineering 
work,  or  he  must  be  a  graduate  of  an  engineer- 
ing school.  A  person  who  is  over  thirty  years 
of  age  shall  not  be  eligible  to  membership  in 
the  Society  as  a  Junior. 

C12  The  rights  and  privileges  of  every 
Honorary  Member,  Member,  Associate,  and 
Junior  shall  be  personal  to  himself,  and  shall 
not  be  transferable  or  transmissible  by  his  own 
act  or  by  operation  of  law. 

C14  All  applications  for  membership  to  the 
grades  of  Member,  Associate,  or  Junior,  shall 
be  presented  to  the  Council,  which  shall  con- 
sider and  act  upon  each  application,  assigning 
each  appioved  applicant  to  the  grade  of  mem- 
bership to  which,  in  the  judgment  of  the  Coun- 
cil, his  qualifications  entitle  him.  The  name  of 
each  candidate  thus  approved  by  the  Council 
shall,  unless  objection  is  made  by  the  applicant, 
be  submitted  to  the  voting  membership  for 
election,  by  means  of  a  letter-ballot. 

C15  Associates  or  Juniors  desiring  to  change 
their  grade  of  membership  shall  make  applica- 
tion to  the  Council  in  the  same  manner  as  is 
required  in  the  case  of  a  new  applicant. 

C16  Election  to  membership  shall  be  by 
sealed  letter-ballot  as  the  By-Laws  shall  pro- 
vide. Adverse  votes  to  the  number  of  two  per 
cent  of  the  votes  cast  shall  be  required  to  defeat 
the  election  of  an  applicant  for  any  grade  of 


C —  An  Associate-Member  shall  be  an  En- 
gineer or  Teacher  of  Applied  Science  of  twenty- 
five  years  of  age  or  over.  He  must  show  by  his 
expsrience  or  by  his  duties,  that  he  is  com- 
petent to  execute  work  in  his  profession. 

Cll  A  Junior  shall  be  twenty-one  years  of 
age  or  over.  He  must  have  had  such  engineer- 
ing experience  as  will  enable  him  to  fill  a  sub- 
ordinate position  in  engineering  work,  or  he 
must  be  a  graduate  of  an  engineering  school. 


C12  The  rights  and  privileges  of  every 
Honorary-Member,  Member,  Associate,  Asso- 
ciate-Member and  Junior  shall  be  personal  to 
himself,  and  shall  not  be  transferable  or  trans- 
missible by  his  own  act  or  by  operation  of  law. 

C14  All  applications  for  membership  to  the 
grades  of  Member,  Associate,  Associate-Mem- 
ber or  Junior,  shall  be  presented  to  the  Council, 
which  shall  consider  and  act  upon  each  applica- 
tion, assigning  each  approved  applicant  to  the 
grade  of  membership  to  which,  in  the  judgment 
of  the  Council,  his  qualifications  entitle  him. 
The  name  of  each  candidate  thus  approved  by 
the  Council  shall,  unless  objection  is  made  by 
the  applicant,  be  submitted  to  all  the  members 
of  the  Council  for  election,  by  means  of  a  letter- 
ballot. 

C15  Any  person  desiring  to  change  his 
grade  of  membership  shall  make  application  to 
the  Council  in  the  same  manner  as  is  required 
in  the  case  of  a  new  applicant. 

C16  Election  to  membership  shall  be  by 
sealed  letter-ballot  of  the  Council  as  the  By- 
Laws  shall  provide.  Fifteen  aflttrmative  votes 
shall  be  required  for  the  election  of  a  candidate 
to   membership  in   any  grade.      One  negative 
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membership.  The  Council  may,  in  its  discre- 
tion, order  a  second  ballot  upon  a  defeated 
applicant,  in  which  case  adverse  votes  to  the 
number  of  four  per  cent  of  the  votes  cast  shall 
be  required  to  defeat  the  election. 

CI 7  The  Election  of  Honorary  Members 
shall  be  by  vote  of  the  Council  taken  by  letter- 
ballot,  as  provided  in  the  By-Laws.  One  dis- 
senting vote  shall  defeat  such  election. 

C19  The  initiation  fee  for  membership  in 
each  grade  shall  be  as  follows: 

For  Member $25.00 

For  Associate 25 .  00 

For  Junior 15 .  00 

C21  The  annual  dues  for  membership  in 
each  grade  shall  be  as  follows: 

For  Member $15 .  00 

For  Associate 15 .  00 

For  Junior 10.00 

for  the  first  six  years  of  his  membership  and 
thereafter  the  same  as  for  an  Associate. 


C22  The  Council  may,  in  its  discretion, 
permit  any  Member  or  Associate  to  become  a 
Life  Member  in  the  same  grade,  by  the  pay- 
ment at  one  time  of  an  amount  sufficient  to 
purchase  from  the  Equitable  Life  Assurance 
Society  of  New  York,  an  annuity  on  the  life  of 
a  person  of  the  age  of  the  applicant  equal  to  the 
annual  dues  in  his  grade.  Such  Life  Member 
.shall  not  be  liable  thereafter  for  annual  dues. 

C24  Any  Member,  Associate,  or  Junior, 
who  shall  leave  his  annual  dues  unpaid  for  one 
year,  shall  not  receive  the  volume  of  Transac- 
tions until  such  arrears  are  paid.  Any  Member, 
Associate,  or  Junior,  who  shall  leave  his  dues 
unpaid  for  two  years,  shall,  in  the  discretion  of 
the  Council,  have  his  name  stricken  from  the 
roll  of  membership,  and  shall  cease  to  have  any 
further  rights  as  such. 

C26  The  affairs  of  the  Society  shall  be  man- 
aged by  a  Board  of  Directors  chosen  from 
among  its  Members  and  Associates,  which 
shall  be  styled  "The  Council."  The  Council 
shall  consist  of  the  President  of  the  Society, 
who  shall  be  the  presiding  officer,  six  Vice- 
Presidents,  nine  Managers,  the  Treasurer,  and 
five  Past-Presidents.  Five  members  of  the 
Council  shall  constitute  a  quorum  for  the  trans- 
action of  business.  The  Secretary  ma.v  take 
part  in  the  deliberations  of  the  Council,  but 
shall  not  have  a  vote  therein.  The  Chairman 
of  the  Finance  Committee  shall  attend  the 
meetings  of  the  Council  and  take  part  in  the 


voUi  shall  defeat  an  election  to  Honorar.y  Mem- 
bership. Two  negative  votes  shall  defeat  an 
election  to  any  other  grade. 


C17     Strike  out  altojsethcr  present  C17. 


C19  The  initiation  fee  for  membership  in 
each  grade  shall  be  as  follows: 

For  Member $25 .  00 

For  Associate 25 .  00 

For  Associate-Member 25 .  00 

For  Junior 15.00 

C21  The  annual  dues  for  membership  in 
each  grade  shall  be  as  follows: 

For  Member $15.00 

For  Associate      15 .  00 

For  Associate-Member .  : 15.00  , 

For  Junior .    10.00. 

for  the  first  six  years  of  his  membership  and 
thereafter  the  same  as  for  an  Associate-Mem- 
ber. 

C22  The  Council  may,  in  its  discretion, 
permit  any  Member,  Associate  or  Associate- 
Member  to  become  a  Life-Member  in  the  same 
grade,  by  the  payment  at  one  time  of  an 
amount  sufficient  to  purchase  from  the  Equit- 
able Life  Assurance  Society  of  New  York,  an 
annuit.v  on  the  life  of  a  person  of  the  age  of  the 
applicant  equcfl  to  the  annual  dues  in  his  grade. 
Such  Life-Member  shall  not  be  liable  there- 
after for  annual  dues. 

C24  A  Person  in  any  grade  of  membership 
who  shall  leave  his  annual  dues  unpaid  for  one 
year,  shall  not  receive  the  volume  of  Transac- 
tions until  such  arrears  are  paid.  A  person  who 
shall  leave  his  dues  unpaid  for  two  years,  shall, 
in  the  discretion  of  the  Council,  have  his  name 
stricken  from  the  roll  of  membership,  and 
shall  cease   to  have  any  further  rights  as  .such. 

C26  The  affairs  of  the  .Society  shall  be  man- 
aged by  a  board  of  directors  chosen  from 
among  its  Members,  Associates  and  Associate 
Members  which  shall  be  styled  "The  Council." 
The  Council  shall  consist  of  the  President  of  the 
Society,  who  shall  be  the  presiding  officer,  six 
Vice-Presidents,  nine  Managers,  the  Treasurer, 
and  the  five  surviving  Past-Presidents  who  have 
last  held  office.  Five  members  of  the  Council 
shall  constitute  a  quorum  for  the  transaction  of 
business.  The  Secretary  may  take  part  in  the 
deliberations  of  the  Council,  but  shall  not  have 
a  vote  therein.  The  Chairman  of  the  Finance 
Committee   shall   attend  the   meetings  of   the 
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discussion  of  financial  questions,  but  shall  not 
have  a  vote. 

C27  The  five  surviving  Past-Presidents  who 
last  held  the  office  shall  be  the  members  of  the 
Council,  with  all  the  rights,  privileges,  and 
duties  of  the  other  members  of  the  Council. 

C29  Should  a  vacancy  occur  in  the  Council, 
or  in  any  elective  office  except  the  Presidency, 
through  death,  resignation  or  other  cause,  the 
Council  may  elect  a  Member  or  Associate  to 
fill  the  vacancy  until  the  next  annual  election. 

C33  The  Council  may,  by  a  two-thirds  vote 
of  the  members  present,  declare  any  elective 
office  vacant,  on  the  failure  of  its  incumbent 
for  one  year,  from  inability  or  otherwise,  to  at- 
tend the  Council  meetings,  or  to  perform  the 
duties  of  his  office,  and  shall  thereupon  appoint 
a  Member  or  Associate  to  fill  the  vacancy  until 
the  next  Annual  Meeting.  The  said  appoint- 
ment shall  not  render  the  appointee  ineligible 
to  election  to  any  office. 

C34  At  each  Annual  Meeting  there  shall  be 
elected  from  among  the  Members  and  Asso- 
ciates: 

A  President,  to  hold  office  for  one  year. 

Three  Vice-Presidents,  each  to  hold  office 
for  two  years. 

Three  Managers,  each  to  hold  office  for  three 
years. 

A  Treasurer,  to  hold  office  for  one  year. 

C41  The  Society  shall  hold  two  meetings  in 
each  year.  The  Annual  Meeting  shall  begin  in 
New  York  City  on  the  first  Tuesday  in  De- 
cember, and  a  Semi-Annual  Meeting  shall  be 
held  at  such  time  and  place  as  the  Council  may 
appoint.  Fifty  Members  and  Associates  shall 
constitute  a  quorum  for  the  transaction  of 
business. 

C42  Special  Meetings  of  the  Society  may 
be  called  at  any  time  at  the  discretion  of  the 
Council,  or  shall  be  called  by  the  President 
upon  the  written  request  of  fifty  members  en- 
titled to  vote,  the  notices  for  such  meetings  to 
state  the  business  for  which  such  meeting  is 
called  and  no  other  business  shall  be  enter- 
tained or  transacted  at  that  meeting. 

Amend  C45,  by  adding  at  the  end  of  the  list  of  Standing  Committees  the  words:  "Committee 
Constitution  and  By-Laws." 

C45     The  Standing  Committees  of  the  Society  to  be  appointed  by  the  President  shall  be: 

Finance  Committee. 

Committee  on  Meetings. 

Publication  Committee. 

Membership  Committee. 

Library  Committee. 

House  Committee. 

Research  Committee. 

Public  Relations  Committee. 

Committee  on  Constitution  and  By-Laws. 


Council  and  take  part  in  the  discussion  of  finan 
cial  questions,  but  shall  not  have  a  vote. 
C27     Strike  out  present  C27. 


C29  Should  a  vacancy  occur  in  the  Council, 
or  in  any  elective  office  except  the  Presidency, 
through  death,  resignation  or  other  cause,  the 
Council  may  elect  a  Member,  Associate  or 
Associate-Member  to  fill  the  vacancy  until  the 
next  annual  election. 

C33  The  Council  may,  by  a  two-thirds  vote 
of  the  members  present,  declare  any  elective 
office  vacant,  on  the  failure  of  its  incumbent 
for  one  year,  from  inability  or  otherwise,  to  at- 
tend the  Council  meetings,  or  to  perform  the 
duties  of  his  office,  and  shall  thereupon  appoint 
a  Member,  Associate  or  Associate-Member  to 
fill  the  vacancy  until  the  next  Annual  Meeting. 
The  said  appointment  shall  not  render  the  ap- 
pointee ineligible  to  election  to  any  office. 

C34  At  each  Annual  Meeting  there  shall  be 
elected  from  among  the  Members,  Associates 
and  Associate-Members: 

A  President,  to  hold  office  for  one  year. 
Three   Vice-Presidents,   each   to   hold   office 
for  two  years. 

Three  Managers,  each  to  hold  office  for  three 
years. 

A.  Treasurer,  to  hold  office  for  one  year. 
C41  The  Society  shall  hold  two  meetings 
in  each  year.  The  Annual  Meeting  shall  begin 
in  New  York  City  on  the  first  Tuesday  in  De- 
cember, and  a  Semi-Annual  Meeting  shall  be 
held  at  such  time  and  place  as  the  Council  may 
appoint.  Fifty  persons  entitled  to  vote  shall 
constitute  a  quorum  for  the  transaction  of 
business. 

C42  Special  meetings  of  the  Society  may 
be  called  at  any  time  at  the  discretion  of  the 
Council,  or  shall  be  called  by  the  President  upon 
the  written  request  of  fifty  persons  entitled  to 
vote,  the  notices  for  such  meetings  to  state  the 
business  for  which  such  meeting  is  called  and 
no  other  business  shall  be  entertained  or  trans- 
acted at  that  meeting. 
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Present 

C48     Special  Nominating  Committee: 

Twenty  or  more  members  entitled  to  vote 
may  constitute  themselves  a  Special  Nominat- 
ing Committee,  with  the  same  powers  as  the 
Annual   Nominating  Committee. 

C57  At  any  semi-annual  meeting  of  the 
Society  any  member  may  propose  in  writing  an 
amendment  to  this  Constitution.  Such  pro- 
posed amendment  shall  not  be  voted  at  that 
meeting,  but  shall  be  open  to  discussion  and  to 
such  modification  as  may  be  accepted  by  the 
proposer.  The  proposed  amendment  shall  be 
mailed  in  printed  form  by  the  Secretary  to  each 
member  of  the  Society  entitled  to  vote,  at  least 
sixty  days  previous  to  the  next  annual  meeting, 
accompanied  by  comment  by  the  Council,  if  it 
so  elects.  At  that  annual  meeting  such  pro- 
posed amendment  shall  be  presented  for  dis- 
cussion and  final  amendment,  and  shall  subse- 
quently be  submitted  to  all  members  entitled 
to  vote,  provided  that  twenty  votes  are  cast 
in  favor  of  such  submission.  The  final  vote  on 
adoption  shall  be  by  sealed  letter-ballot,  closing 
at  12  o'clock  noon,  on  the  first  Monday  of 
March  following. 

C58  The  letter-ballot,  accompanied  by  the 
text  of  the  proposed  amendment,  shall  be 
mailed  by  the  Secretary  to  each  member  of  the 
Society  entitled  to  vote,  at  least  thirty  days 
previous  to  the  closure  of  the  voting.  The  bal- 
lots shall  be  voted,  canvassed,  and  announced 
as  provided  in  the  By-Laws.  The  adoption  of 
the  amendment  shall  be  decided  by  a  majority 
of  the  votes  cast.  An  amendment  shall  take 
effect  on  the  announcement  of  its  adoption  by 
the  Presiding  Officer  of  the  semi-annual  meet- 


Proposed 

C48     Special  Nominating  Committee: 

Twenty  or  more  persons  entitled  to  vote  may 
constitute  themselves  a  Special  Nominating 
Committee,  with  the  same  powers  as  the  An- 
nual Nominating  Committee. 

C57  At  any  semi-annual  meeting  of  the 
Society  any  person  entitled  to  vote  may  pro- 
pose in  writing  an  amendment  to  this  Constitu- 
tion. Such  proposed  amendment  shall  not  be 
voted  at  that  meeting,  but  shall  be  open  to 
discussion  and  to  such  modification  as  may  be 
accepted  by  the  proposer.  The  proposed 
amendment  shall  be  mailed  in  printed  form  by 
the  Secretary  to  each  person  entitled  to  vote, 
at  least  sixty  days  previous  to  the  next  annual 
meeting,  accompanied  by  comment  by  the 
Council,  if  it  so  elects.  At  that  annual  meeting 
such  proposed  amendment  shall  be  presented 
for  discussion  and  final  amendment,  and  shall 
subsequently  be  submitted  to  all  persons  en- 
titled to  vote,  provided  that  twenty  votes  are 
cast  in  favor  of  such  submission.  The  final  vote 
on  adoption  shall  be  by  sealed  letter-ballot, 
closing  at  12  o'clock  noon,  on  the  first  Monday 
of  March  following. 

C58  The  letter-ballot,  accompanied  by  the 
text  of  the  proposed  amendment,  shall  be  mailed 
by  the  Secretary  to  each  person  entitled  to  vote, 
at  least  thirty  days  previous  to  the  closure  of 
the  voting.  The  ballots  shall  be  voted,  can- 
vassed, and  announced  as  provided  in  the  By- 
Laws.  The  adoption  of  the  amendment  shall 
be  decided  by  a  majority  of  the  votes  cast.  An 
amendment  shall  take  effect  on  the  announce- 
ment of  its  adoption  by  the  Presiding  OflScer  of 
the  semi-annual  meeting  next  following  the 
closure  of  the  vote. 


ing  next  following  the  closure  of  the  vote. 

Renumberinp 
Renumber  Articles  of  the  Constitution  after  they  have  been  approved  by  the  Society 


THE   BALTIMORE   SEWERAGE  PUMP  VALVE 

By  a.  F.  Naqle 
ABSTRACT  OF  PAPER 

This  paper  gives  the  results  of  experiments  made  by  the  Bethlehem  Steel 
Company  with  a  small  experimental  pump  to  determine  the  best  proportions 
of  the  pump  valve  to  be  used  in  the  Baltimore  sewerage  pumping  engine.  The 
experiments  showed  that  a  plain,  flap  valve  with  a  seat  angle  of  60  deg.  with 
the  vertical  plane,  weighing  about  0.26  lb.  per  sq.  in.  (in  water)  of  seat  opening, 
or  0.30  lb.  in  the  atmosphere,  measured  normal  to  the  face  of  the  valve,  will 
give  a  quiet  and  prompt  working  valve  up  to  fully  30  r.p.m. 

A  discussion  of  the  theory  involved  in  the  action  of  the  valve,  namely,  that 
the  velocity  of  the  flow  through  the  valve  opening  corresponded  quite  closely 
to  the  velocity  due  to  this  head  or  weight,  held  very  fairly.  Also  that  on  open- 
ing, the  valve  lift  was  in  perfect  synchronism  with  the  plunger  velocity  at  any 
.speed.  In  closing,  the  valve  lagged  behind  for  the  greater  part  of  its  descent, 
but  at  the  speeds  given  always  reached  its  seat  at  the  end  of  the  stroke  without 
shock. 
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Bv  A.  F.  Nagle,  Bethlehem,  1'a. 

Member  of  the  Society 

111  December  190G,  the  Baltimore  Sewerage  Commission 
awarded  to  the  Bethlehem  Steel  Company  a  contract  for  build- 
ing three  sewage  pumping  engines  of  substantially  the  same  de- 
sign as  the  modern  standard  city  water  works  pump,  namely, 
"  a  self-contained,  vertical,  triple-expansion  crank  and  fiy  wheel, 
three  single-acting  plungers,  condensing  engine;  each  pumping 
engine  to  have  a  capacity  of  27,500,000  gal.  in  24  hr.,  with  an 
average  total  head  of  72  ft.  (7  ft.  suction  lift)  ;  and  to  have  a 
capacity  for  50  per  cent  greater  speed  for  short  periods."  The 
only  deviation  from  the  water  works  design  was  in  the  pump 
valves.  These,  instead  of  being  made  of  rubber  discs,  3  in.  or  4 
in.  in  diameter,  spring  operated,  were  to  be  as  follows : 

2  "  They  shall  be  rectangular  flap  valves  swinging  on  hori- 
zontal hinges,  faced  Avitli  rubber  of  the  best  quality  for  the  pur- 
pose, and  weighted;  the  valve  seats  shall  be  of  hard,  tough 
bronze,  and  the  planes  of  their  faces  shall  he  inclined.  (Italics 
are  the  author's.)  The  hinges  of  the  Aalves  shall  be  protected,  by 
hooding  or  otherwise,  from  the  direct  flow  of  the  sewage  passing 
through  the  valves;  suitable  stops  shall  be  provided  to  limit  the 
opening  of  the  valves  at  the  extreme  edges  to  2i/^  in.,  and 
the  clear  waterway  through  either  suction  or  discharge  valve 
shall  not  be  less  than  145  per  cent  of  the  area  of  the  plunger." 

3  In  the  spring  of  1907,  when  the  drawings  were  well  ad- 
vanced, the  author  was  appointed  by  the  commission  to  be  their 
mechanical  engineer  and  inspector  at  the  Bethlehem  Steel  Com- 
pany's plant.  It  had  been  decided  to  make  the  normal  speed  of 
the  engines  of  5  ft.  stroke  and  20  r.p.m.,  which  would  be  in- 
creased to  30  revolutions  to  comply  with  the  contract  capacity. 
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This  speed  would  necessitate  a  plunger  4014  in.  diameter  to  give 
the  required  volun:e  of  water.  For  the  valve  decks  there  had 
been  tentatively  planned  thirty-four  4  in.  x  12  in.  and  six  4  in.  x 
9  in.  valves. 

4  The  sewage  pump  valve  is  far  from  being  of  a  standard 
design.  The  commission's  engineers  had  given  the  subject  much 
studv  and  made  many  inquiries  before  writing  the  paragraph 


Fig.  1     Pump  for  studying  Valves  designed  for  Baltimore  Sewage 


quoted,  and  yet  it  is  noticeable  that  they  refused  to  be  specific 
on  the  essential  elements  of  the  valve,  namely,  its  seat-angle  and 
its  iceight.  As  there  would  be  required  over  700  of  these  bronze 
valves,  it  would  be  an  expensive  affair  to  make  a  change  in  them 
after  completion.  The  writer  therefore  suggested  to  the  man- 
agement of  the  Bethlehem  Steel  Company  that  they  construct 
a  small  pump  for  the  purpose  of  trying  out  one  set  of  the  pro- 
posed valves.  With  this  they  were  in  hearty  accord,  and  Fig.  1 
shows  a  sectional  elevation  of  the  pump  as  made.  A  description 
is  hardly  necessary  except  to  say  that  it  is  13  in.  in  diameter  by 
15  in.  stroke,  making  from  20  to  30  r.p.ni.;  being  the  exact 
equivalent  of  614  in.  diameter  by  5  ft.  stroke,  the  proportional 
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ratio  of  plunger  and  vahes.    The  7  ft.  suction  lift  was  also  repro- 
duced. 

5  In  order  to  obtain  definite  knowledge  of  the  action  of  the 
valve,  there  was  attached  to  the  arbor  of  its  hinge  a  %-in.  shaft 
extending  through  the  casing  and  a  light  stuffing  box,  and  to  this 
shaft  were  fastened  suitable  arms,  levers  and  rods  leading  to  an 
ordinary  indicator  from  which  the  spring  had  been  removed. 
In  this  way,  a  perfect  trace  of  the  lift  of  the  valve  could  be  ob- 
tained, examples  of  which  accompany  this  paper.  At  the  same 
time  a  pump  card  was  taken  and  some  of  these  are  also 
reproduced. 


Fig.  2     Graphical  Method  for  finding  Plunger  Velocity 


6  The  plunger  velocity  is  dotted  on  the  valve  card,  making 
the  maximum  plunger  velocity  agree  with  the  highest  lift  of 
valve.  The  graphical  method  of  finding  this  velocity  is 
reproduced  in  Fig.  2,  copied  in  substance  from  Rankine's  Rules 
and  Tables,  page  236.  The  only  difference  in  condition  between 
this  small  pump  and  the  main  pump  is  that  the  relatively  more 
rapid  motion  of  the  plunger  in  this  case  is  in  the  lower  end  while 
in  the  main  pump  it  will  be  at  the  upper  end.  The  practical  re- 
sult of  this  arrangement  is  that  the  suction  valve  is  favored  in 
closing  time,  while  in  the  main  pump  it  will  be  the  discharge 
valve  thus  favored. 

7  It  was  decided  to  experiment  with  three  different  seat 
angles,  30,  45,  and  60  deg.  with  the  vertical  plane,  and 
weighted  to  different  amounts.  From  the  large  number  of  tests 
made,  two  sets  of  cards  for  each  of  the  three  seat  angles  have 
been  selected,  at  20,  25,  and  30  r.  p.  m. 

8  The  first  test  at  a  change  of  seat  angle  was  always  made 
with  the  normal  or  unweighted  valve.     Then  followed  one  with 
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the  suction  valve  loaded  514  lb.,  and  the  discharge  valve  10.8  lb. 
There  is  no  good  reason,  however,  why  the  valves  should  not  have 
been  weighted  alike. 

9  Valve  and  pump  cards  are  shown  in  Figs.  3,  4,  5,  6,  7, 
and  8.  and  data  pertaining  thereto  are  given  in  Table  1,  Par.  23. 

EXPLANATION   OF  TABLE  1 

10  Columns  1  to  5  inclusive  are  self-explanatory.     Columns 

Full  Lines  represent  Viilve  Motion-  Dotted  Lines  represent  Plunger  Velocity 

1 — -; 

Discharge  Valve  C-9 
30  R.P.M. 


Fig.  3     Valve  Cards,  Seat  Angle  30  Deg. 

6  and  7,  weight  of  valve,  is  the  entire  weight  before  it  is  put  in 
place.  Columns  8,  9,  and  10,  11,  are  obtained  by  a  spring  scale 
attached  to  the  outer  edge  of  the  flap  and  noting  the  force  re- 
quired to  start  the  valve ;  and  again,  the  amount  at  its  full  lift  of 
21/2  in.,  the  scale  being  held,  of  course,  at  right  angles  with  the 
flap.  It  should  be  noted  that  owing  to  friction  of  the  hinge,  it 
usually  required  from  one  to  two  pounds  more  to  move  the  flap 
upv/ard  than  downward,  and  the  amount  given  in  the  table  is  the 
mean  of  the  two. 

11     Columns  12-13:  The  actual  lift  of  the  valve  is  obtained  as 
follows:  Owing  to  the  intercession  of  certain  cranks  and  levers. 
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the  pump  card  trace  is  not  exactly  in  line  with  the  outer  edge  of 
the  flap.  To  correct  for  this  tlie  valve  cards  as  taken  must  be  mul- 
tiplied by  the  foUov^ung  factors:  1.25  for  the  30  deg.  seat;  1.25 
for  the  45  deg.  seat;  and  1.54  for  the  60  deg.  seat. 

MECHANICAL    ACTION    OF   THE   VALVES 

12     Mr.  A.  J.  Maver.  on  behalf  of  the  Bethlehem  Steel  Com- 


FiG.  4    Pump  Cards,  Seat  Angle  30  Deg. 

pany.  took  all  cards  and  made  the  following  comments  on  the 
working  of  the  pump  valves : 


Seat 

Angle,  Card 
Deg.    No.  R.p.m. 


Suction^Valve 


Discharge  Valve 


30 


A-1       20         Knocks  slightly  at  closing. 

Very     slight   knock     at 

opening. 
A-2      25         Knocks  slightly  at  closing. 

Very     slight     knock     at 

opening. 


Knocks  at  opening  louder 

than  suction.  Very  slight 

knock  at  closing. 
Knocks  at  opening  louder 

than  suction.  Very  slight 

knock  at  closing. 
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Seat, 

Angle,  Card 
Deg.     No.  R.p.m. 


Suction  Valve 


Discharge  Valve 


A-3  30  Knocks  slightly  at  closing. 
Very  slight  knock  at 
opening. 


Noises  slightly  increased  at 
opening  and  closing. 


C-7      20 


30  C-8      25 


45 


C-9      30 


Barely    audible    knock  at 

closing.       No    noise  at 

opening. 

Barely    audible    knock  at 

closing.         No    noise  at 

opening. 

Barely    audible    knock  at 

closing.         No    noise  at 

closing. 


Pounds   at  opening, 
noise  at  closing. 


No 


21  20 

22  25 

23  30 


27         20 

45  28         25 

29         30 


No    noise    at    opening    or 

closing. 
No    noise    at    opening    or 

closing. 
No    noise    at    opening    or 

closing. 


Pounds  at  opening.  Barely 
audible  pound  at  clos- 
ing. 

Noise  slightly  increased  at 
opening.  Very  slight 
pound  at  closing. 

Knock  shghtly  at  opening 
and  closing. 

Noises  shghtly  increased. 

Knocks  loud  at  opening 
and  closing. 


No    noise    at    opening    or 
closing. 

No    noise    at    opening    or 

closing. 
No    noise    at    opening    or 

closing. 


Barely    audible    pound    at 

opening.      No    noise    at 

closing. 
Knocks  slightly  at  opening 

and  closing. 
Knocks  slightly  at  opening 

and  closing. 


39         20 

60  40         25 

41         30 


No    noise    at    opening    or 
closing. 

No    noise    at    opening    or 

closing. 
No    noise    at    opening    or 

closing. 


Barely     audible     thud     at 

opening.  No  noise  at  clos- 
ing. 

Audible  thud  at  opening, 
and  closing. 

Pounds  slightly  at  opening. 
Audible  thud  at  closing. 


45         20 

60  46         25 

47         30 


No    noise    at    opening    or 
closing. 

No  noise  at  opening.  Slight 

thud  at  closing. 
No  noise  at  opening.   Slight 

thud  at  closing. 


Barely     audible    thud     at 

opening.       No    noise    at 

closing. 
Makes  thud  at  opening  and 

closing. 
Makes  thud  at  opening  and 

closing. 
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Seat 

Angle,                                 VALVE  DIMENSIONS  Square 

Deg.  Inches 

30         Area  of  Valve  Seat  Outside 82 

Area  of  Valve  Seat  Inside 55 

Ratio  of  Areas,  1  to  1.48 

Area  of  FuU  2^in.  Valve  Lift 45 

45         Area  of  Valve  Seat  Outside 101 

Area  of  Valve  Seat  Inside 72 

Ratio  of  Areas,  1  to  1.41 

Area  of  FuU  2i-in.  Valve  Lift 49.50 

60         Area  of  Valve  Seat  Outside 107 

Area  of  Valve  Seat  Inside 80 

Ratio  of  Areas,  1  to  1.34 

Area  of  Full  2^-in.  Valve  Lift 55 

Note:  It  should  be  stated  that  owing  to  the  nearness  of  the  hub  of  the  hinge 
to  the  body  of  the  valve,  only  the  front  and  two  sides  of  the  opening  were  taken 
as  discharge  area. 

13  A  point  is  now  reached  where  there  are  facts  to  serve  as  a 
guide  in  the  selection  of  a  design  for  the  valve,  without  any 
mathematical  calculation  whatever,  the  application  of  which  is 
left  to  a  later  part  of  this  paper.  Referring  for  a  moment  to  Mr. 
Ma^'er's  remarks,  attention  should  be  called  to  the  difficulty  in 
distinguishing  between  a  "  thud  "  and  a  "  laiock  "  of  a  valve, 
either  suction  or  discharge.  The  writer's  opinion  is  that  a 
"  thud  ■'  always  occurs  at  the  opening  of  a  valve,  due  to  the  dif- 
ference between  the  inner  and  outer  seat  area,  thus  necessitating 
a  greater  pressure  within  to  start  to  open  the  discharge  valve 
than  exists  without;  and  the  converse  for  the  suction  valve.  All 
the  pump  cards  show  this  greater  or  less  pressure  by  a  descent 
or  an  a.scent  of  the  indicator  piston,  which  latter,  however,  falls 
to  the  normal  pump  pressure  as  soon  as  the  valve  opens.  If  there 
were  air-pockets  in  a  pump,  the  pressure  of  the  air  when  released 
would  send  the  valves  violently  against  their  stops.  The  soft  rub- 
ber or  leather  facing  allows  this  change  of  pressure  to  occur  with 
nothing  worse  than  a  "  thud." 

14  In  addition  to  the  valve  action,  there  is  at  this  time  the 
reversal  of  all  stresses  in  the  moving  parts  and  journals,  thus 
tending  to  increase  the  "  thud  "  of  the  pump. 

15  In  contrast  with  a  "  thud  "  at  opening  is  the  "  knock  "  at 
closing.  This  knock  is  due  to  the  violent  seating  of  the  valve  by 
the  reversed  action  of  the  plunger,  if,  instead  of  coming  gently 
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to  its  seat  by  its  inherent  weight  as  the  phmger  reaches  the  end 
of  its  stroke,  it  is  not  then  seated. 

SELECTION    or    A    DESIGN 

16     A  cursory  examination  of  tlie  valve  traces  or  cards  will 
show : 

First,  that  at  opening^  every  valve  trace  followed  closely 
the  theoretical  or  plunger-velocity  line,  except  those 

Full  Lines  represent  Valve  Motion -Dotted  Lines  represent  Plunger  Velocity 


Discharge  Valve  No. 21 

20  E.P.M.  \\ 
Masimum  Plunger       \\ 
I    Velocity 


Discharge  Valve  No. 23  \  ' 

30  E.P.M.  \| 


Fig.  5     Valve  Cards,  Seat  Angle  45  Deg. 

of  30-deg.  seat  angle.  In  this  case  the  valve  acted  like 
a  swinging  pendulum,  in  the  impetus  it  received  in 
opening,  notwithstanding  its  natural  increased  weight, 
due  to  change  of  angle,  carrying  it  beyond  its  proper 
position.  In  studying  these  cards,  one  must  not  lose 
sight  of  the  different  plunger  velocities  at  the  two 
ends  of  the  stroke. 
Second,  in  closing  there  was  a  constant  improvement  from 
the  30  deg.  to  60  deg.  seat  angle:  and,  of  course,  with 
its  increased  weight.  The  heavier  the  valve  the  better 
it  worked,  mechanically,  but  the  lift  was  reduced — 
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not   desirable   in   a  sewage   valve — and   the   velocity 

through  the  valve  increased. 
17    In  opening,  every  pump  valve,  either  suction  or  discharge, 
if  of  constant  or  nearly  constant  weight,  such  as  all  gravity  act- 
ing valves  are,  is  forced  by  the  plunger  to  follow  its  own  varying 
velocities;  but  in  closing  there  is  no  force  or  pressure  to  do  this. 


J?unipCardNo.29  0.& 

30  E.P.M.  si      0  3^5 


o    '"o 


Spring  20  Lb. 


Fig.  6     Pump  Cards,  Seat  Angle  45  Deg. 


It  has  onl}'^  its  own  inherent  weight  to  move  it,  and  its  effective 
weight  is  diminished  by  several  causes.  First,  there  is  the  re- 
sistance of  its  hinge,  probably  very  small,  since  the  fit  is  very 
free ;  second,  the  water  cannot  fill  in  the  back  of  a  fiat  valve  any 
more  than  it  can  flow  into  the  space  left  by  the  square  stern  of 
a  boat;  hence  the  partial  vacuum  formed  there  increases  the 
lifting  force  of  the  stream  beneath  it;  and  third,  there  is  the 
inertia  of  the  mass  of  the  valve  as  well  as  of  the  water  which 
has  to  change  its  position. 
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IS  Perhaps  the  experience  all  have  had  in  rowing  a  boat  up 
or  down  a  rapidly  moving  stream  will  give  a  good  impression  of 
the  difference  between  closing  and  opening  a  pump  valve. 

19  At  30  revolutions  the  60  deg.  seat  valve  (unweighted) 
reached  only  2  in.  of  its  21/2  in.  possible  lift.  To  have  made  it 
light  enough  to  go  to  its  2l^-in.  stop  at  this  speed  would  have  ne- 
cessitated reducing  its  weight  about  one-third   (see  last  line  in 

Full  Lines  represent  Valve  Motion-  Dotted  T,ines  represent  Plunger  ^'■elocity 


Fig.  7     Valve  Cards,  Seat  Angle  60  Deg. 


Table  5)  and  wath  every  indication  that  it  would  not  reach  its 
seat  in  closing  in  a  way  to  prevent  slamming.  Valve  cards 
39-41  furnished  the  best  proportions  for  a  large  lift  and  lowest 
velocity  through  the  valve.  Its  weight  of  seat  area  per  square 
inch  was  0.221  lb.  (See  Table  3.)  The  extraordinary  lift  of 
21.4  in.  of  the  suction  valves  41  and  47  can  be  attributed  to  the 
proximity  of  the  plunger  at  the  lower  end  of  its  stroke,  thus 
causing  a  back  pressure  at  the  valve  outlet. 

20  Fig.  9  is  a  reduced  scale  drawing  of  the  valve  as  actually 
constructed.  It  weighs  about  0.30  lb.  per  sq.  in.  of  its  seat  area. 
It  is  of  bronze  throughout  and  has  a  renewable  leather  face.  Its 
stop  is  cast  on  the  body  of  the  valve  above  it.  There  are  44  valves 
exactly  alike,  grouped  into  a  7-ft.  steel  valve  deck.    Figs.  11  and 
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12  are  reduced  photographs  of  these  decks.  Fig.  11  shows  the 
valves  closed  and  Fig.  12  the  valves  blocked  open.  Fig.  13  shov^^s 
the  pump  end  of  the  engine  as  it  was  erected  in  shop  No.  2  of  the 
Bethlehem  Steel  Company.  The  writer  standing  at  the  base,  fur- 
nishes a  scale  to  the  pumps. 

21  These  pumps  have  now  been  in  operation  for  several 
months  and  from  the  first  turnover  have  worked  so  quietly  one 
would  hardly  Imow  there  were  any  valves  in  them. 


Fig.  8     Pump  Cards,  Seat  Angle  60  Deg. 


22  Aside  from  the  design  of  the  valve  itself,  great  care  was 
taken  that  all  valves  should  be  of  like  weight.  When  a  group  of 
valves  are  thus  tied  together,  each  is  held  in  a  very  sensitive  bal- 
anced position  and  any  difference  in  weight  is  reflected  in  a  dif- 
ferent lift;  hence  a  single  light  valve  may  be  held  back  in  clos- 
ing and  then  slam  to  its  seat.  This  was  actually  demonstrated 
by  the  action  of  the  air-relief  valve  on  top  of  the  pump,  which 
is  a  common  swivel,  swing  check  valve,  without  stop  or  definite 
weight. 
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23  Having  described  the  valve  as  constructed,  and  conscious 
of  its  excellencies,  shortcomings,  cost  of  production  and  possible 
cost  of  renewals,  the  writer  ventures  to  suggest  that  a  cast-steel 
flap  on  a  rounded  seat  would  wear  longer,  cost  much  less  to  pro- 
duce or  repair  and  work  fully  as  Avell,  without  a  "  thud,  "  if  the 

TABLE  1     PUMP  VALVE  EXPERIMENTS.     OBSERVED  DATA 


Card 
No. 

R.P.M . 

Pump  Heac 

,  Ft. 

Weight  of 
Valve,  Lb. 

Normal  Weight 
of  Valve 

Lift  0 

f  Valve 

Seat 

Suction 

Discharge 

Angle, 

Deg. 

Suc- 
tion 

Dis- 
charge 

Total 

Suc- 
tion 

Dis- 
charge 

Start 

Top 

Start 

Top 

Suc- 
tion 

Dis- 
charge 

1 

2 

3 

4 

5 

0 

7 

8 

9 

10 

11 

12 

13 

30 

A-1 

20 

7.59 

67.1 

74.7 

27 

28 

8 

11 

8 

10.5 

1.60 

1.38 

30 

A-2 

25 

7.71 

65.8 

73.5 

27 

28 

8 

11 

8 

10.5' 

1.85 

1.63 

30 

A-3 

30 

7.93 

66.9 

74.8 

27 

28 

8 

11 

8 

10.5 

2.15 

1.90 

30 

C-7 

20 

7.25 

66.9 

74.2 

32.2 

38.8 

11.5 

14.5 

14.0 

17.5 

1.46 

1.14 

30 

C-S 

25 

7.71 

65.6 

73.3 

32.2 

38.8 

11.5 

14.5 

14.0 

17.5 

1.65 

1.29 

30 

C-9 

30 

7.93 

65.0 

72.9 

32.2 

38.8 

11.5 

14.5 

14.0 

17.5 

1.92 

1.53 

45 

21 

20 

6.35 

65.9 

72.2 

30 

31 

10.1 

11.1 

10 

11 

1.50 

1.50 

45 

22 

25 

6.35 

66.7 

73.0 

30 

31 

10.1 

11.1 

10 

11 

1.70 

1.69 

45 

23 

30 

6.35 

64.6 

70.9 

30 

31 

10.1 

11.1 

10 

11 

1.96 

1.94 

45 

27 

20 

7.03 

67.1 

74.2 

35.2 

41.8 

13.7 

15.2 

16.7 

19.5 

1.36 

1.24 

45 

28 

25 

7.03 

67.9 

74.9 

35.2 

41.8 

13.7 

15.2 

16.7 

19.5 

1.50 

1.38 

45 

29 

30 

7.03 

66.8 

73.8 

35.2 

41.8 

13.7 

15.2 

16.7 

19.5 

1.80 

1.64 

60 

39 

20 

6.S0 

67.3 

74.1 

34 

32 

13.2 

14.2 

12.7 

13.6 

1.69 

1.48 

60 

40 

25 

6.80 

66.1 

72.9 

34 

32 

13.2 

14.2 

12.7 

13.6 

2.20 

1.81 

60 

41 

30 

6.80 

66.1 

72.9 

34 

32 

13.2 

14.2 

12.7 

13.6 

2.50 

2.00 

60 

45 

20 

6.80 

64.5 

71.3 

39.2 

42.8 

17.6 

19.1 

21.1 

22.4 

1.54 

1.25 

60 

46 
47 

25 
30 

6.80 
7.36 

65.6 
66.1 

72.4 
73.4 

39.2 
39.2 

42.8 
42.8 

1.92 
2.26 

1  51 

60 

1  68 

.  .    ....    .  . 

Aver 

73.3 

seat  were  of  bronze  or  possibly  of  ca.st  iron.     Half  a  dozen  of 
these  valves,  as  shown  in  Fig.  10,  have  been  made  for  future  trial. 


AGREEMENTS 

24  Having  descril)ed  the  es.sontial  facts  leading  to  the  selec- 
tion of  the  design  of  this  sewage  pump  valve,  the  writer  does  not 
like  to  leave  the  subject  without  an  effort  to  })resent  a  theory  as 
a  guide  to  the  construction  of  simihir  valves.  Aside  from  the  evi- 
dence given  by  the  valve  cards  of  the  better  working  of  the  60- 
deg.  seat  valve  thnn  of  tlie  valves  with  30  deg.  or  45  deg.  angles. 
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there  is  the  important  result  of  a  much  larger  outlet  area  with 
the  same  lift  of  valve,  and  consequent  lower  velocity  through  the 
valve.  This  is  shown  in  the  following  tabulation  of  results  with 
the  unloaded  valves  at  30  revolutions : 

30  deg.  seats  34.2  sq.  in.  outlet,  1.90  lift,  7.72  ft.  velocity 
45  deg.  seats  38.6  sq.  in.  outlet,  1.95  lift,  6.48  ft.  velocity 
60  deg.  seats  44.4  sq.  in.  outlet,  2.00  lift,  5.94  ft.  velocity 

TABLE   2     PUMP   VALVE   EXPERIMENTS.     CORRECTIONS   OF   ORIGINAL    DATA 
APPLIED  TO  DISCHARGE  VALVE.     SEE  FIGS.   14  AND  15 


Lift  of 

Valve 

Normal  Weight  of  Valve 

Seat 

Card 
No. 

R.P.M. 

Angle, 
Deg. 

Log, 
In. 

Corrected 
In. 

Log 

Corrected 

Start 

Top 

Start 

Top 

1 

2 

3 

4 

5 

6 

7 

8 

30 

A-1 

20 

1.38- 

1.43 

8 

10.5 

8 

10.5 

30 

A-2 

25 

1.63 

1.61 

8 

10.5 

8 

10.5 

30 

A-3 

30 

1.90 

1.90 

8 

10.5 

8 

10.5 

30 

C-7 

20 

1.14 

1.14 

14 

17.5 

14 

17.5 

30 

C-S 

25 

1.29 

1.29 

14 

17.5 

14 

17.5 

30 

C-9 

30 

1.53 

1.54 

14 

17.5 

14 

17.5 

45 

21 

20 

1.50 

1.46 

10 

11 

10 

11.7 

45 

22 

25 

1.69 

1.68 

10 

11 

10 

11.7     ! 

45 

23 

30 

1.94 

1.95 

10 

11 

10 

11.7 

45 

27 

20 

1.24 

1.20 

16.7 

19.5 

16.7 

19. 5j 

45 

28 

25 

1.38 

1.38 

16.7 

19.5 

16.7 

19.5 

45 

29 

30 

1.64 

1.61 

16.7 

19.5 

16.7 

19.5 

60 

39 

20 

1.48 

1.51 

12.7 

13.6 

12.7 

13.6 

60 

40 

25 

1.81 

1.75 

12.7 

13.6 

12.7 

13.6] 

60 

41 

30 

2.00 

2.00 

12.7 

13.6 

12.7 

13. 6j 

60 

45 

20 

1.25 

1.26 

21.1 

22.4 

21.1 

22.4 

60 

46 

25 

1.51 

1.47 

21.1 

22.4 

21.1 

22.4 

60 

47 

30 

1.68 

1.68 

21.1 

22.4 

21.1 

22.4 

In  the  latter  case,  the  throat  area  of  48  sq.  in.  is  very  closel}'^ 
approached.    (See  Fig.  17.) 

25  The  basis  of  all  hydraulic  calculations  is  the  feet  head,  or 
pounds  pressure,  per  square  inch  of  area,  and  consequent  veloc- 
ity of  flow  in  feet  per  second.  This  relation  is  fixed  absolutely 
by  natural  law  and  if  theoretical  results  are  not  obtained,  one 
must  look  for  some  diverting  cause,  such  as  contraction,  change 
of  direction,  or  friction.  These  last  effects  must  be  ascertained 
by  experiment.     For  simple  forms  such  as  pipes,  the  values  are 
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well  established;  but  for  irregular  shapes  such  as  these  valve 
openings  present,  no  data  exist,  and  from  the  limited  amount  of 
information  gathered  (hiring  the  experiments,  the  writer  is  un- 
able to  make  a  complete  analysis  of  the  valves.  They  do  give 
something^  however,  as  a  guide  in  future  construction,  which  the 
writer  will  endeavor  to  present. 


Fig.  9     Valve  as  constructed 


2G     The  problems  which  it  was  attempted  to  solve  are  these : 
First,  Imowing  the  weight — the  normal  weight — of  a  valve 
per  square  inch  of  seat  area,  how  nearly  will   that 
weight,  or  pressure,  give  a  velocity  through  the  valve 
in  agreement  with  the  actual  velocity  found  by  ex- 
periment ? 
Second,  knowing  the  lift  of  a  valve  at  a  given  number  of 
revolutions,  how  much  will  this  lift  be  increased  by 
an  increase  of  revolutions? 
Third,  knowing  the  lift  and  weight  of  a  valve  at  a  given 
speed,  what  will  be  the  lift  if  the  weight  be  increased 
but  the  speed  remain  the  same? 
27     Before  proceeding  with  the  analysis  it  should  be  explained 
that  it  will  be  confined  to  the  discharge  valve  only,  and  for  these 
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reasons:  In  tho  first  place,  the  writer  has  no  theory  of  valve 
action  tJiat  would  distinguish  between  the  two;  second,  certain 
discrepancies  in  the  data,  especially  relating  to  the  suction  valve, 
led  him  to  doubt  their  accuracy;  and,  third,  there  is  no  use  in 
l)urdening  tlie  paper  with  more  figures  than  are  absolutely 
necessary. 

28     As  already  explained,  the  original  or  log  figures  are  given 
in  Table  1.     For  the  purpose  of  the  calculations  it  has  seemed 


Fig.  10     Design  of  Valve  proposed  by  the  Author 

necessary  to  make  certain  cori'ections  upon  these,  as  shown  in 
Table  2  and  in  diagrams  Figs.  14  and  15.  Numerous  small 
changes  were  made  in  the  lift  of  the  valve,  but  only  one  in  the 
normal  weight  of  the  valve.  These  corrected  values  were  used  in 
all  subsequent  calculations,  as  exhibited  in  Table  3. 


EXPLAXATION    OF    TABLE    6 

29  Column  14:  The  maximum  plunger  velocity  is  really 
slightly  more  than  the  crank  velocity — for  a  5  to  1  connecting 
rod  it  amounts  to  nearly  2  per  cent,  or  1.60  times  the  plunger 
travel,  and  this  is  given  in  this  column.  The  main  engine  di- 
mensions haA^e  been  preserved  rather  than  those  of  the  experi- 
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mental  pump,  no  change  in  calculated  result  being  affected  there- 
by. 

80  Column  15 :  To  facilitate  subsequent  calculations,  there  is 
given  the  plunger  area  corresponding  to  each  valve  (which  is 
33.00  sq.  in.)  multiplied  by  its  velocity,  giving  the  discharge  per 
second  in  inch- feet. 

31  Column  IG :  The  area  of  valve  opening  is  found  by  taking 
the  full  area  opening  given  under  ''  Valve  Dimensions  "  in  Par. 


•  •  •  « 


Fig.  11     View  of  Valves,  Closed 


12,  for  21/^-in.  lift,  and  reducing  it  to  its  proportionate  amount 
for  the  actual  lift  given  in  Table  2,  column  4. 

32  Column  17:  The  apparent  velocity  through  the  valve  is 
an  important  result.  It  is  found  by  dividing  the  rate  of  dis- 
charge of  plunger  given  in  column  15,  by  the  area  of  valve  open- 
ing given  in  column  1().  Tiierefore,  if  any  two  adjoining  values 
in  columns  16  and  17  be  multiplied  the  corresponding  result 
given  in  column  15  will  be  obtained.  This  is  called  the  apparent 
velocity,  although  commonly  called  the  actual  velocity,  for  it  is 
what  the  velocity  would  be  if  the  area  given  were  wholly  filled 
with  the  issuing  stream;  but  there  must  have  been  some  con- 
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traction,  and  hence  a  correspondingly  higher  velocity.  The 
writer  is  unable  to  divide  this  apparent  velocity  into  the  various 
measured  causes  that  produce  it,  and  with  this  explanation  rests 
this  part  of  the  discussion  because  he  is  unable  to  carry  the  an- 
alj^sis  any  further  with  the  data  at  hand. 

33  Column  18:  Hydraulic  engineers  always  desire  to  express 
the  relation  of  Tiead  to  velocity.  Hence,  if  in  column  17  the 
velocity  through  the  valve  is  given,  what  is  its  corresponding 
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Fig.  12     View  of  Valves,  Open 

head?     Reducing  the  standard  formula  for  feet  head  to  pounds 
pressure,  he  has  used  the  formula 

VeL  =  12.20     V  A [1] 

P  being  the  pressure  in  pounds  per  square  inch. 

34  Column  19 :  The  normal  weight  of  valve  is  given  in  Table 
2,  only  at  its  two  extreme  positions.  It  is  necessary  to  know 
what  it  is  at  the  position  of  its  lift.  If,  for  example,  it  takes  8 
lb.  to  lift  valve  A-1  at  the  start,  and  10.5  lb.  at  its  21/2-in.  lift, 
the  w^eight  increases  just  one  pound  for  each  inch  of  lift.  Hence, 
if  the  lift  is  1.43  in.  the  weight  at  1.43  in.  lift  will  be  9.43  lb. 
These  values  are  found  in  this  column. 
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35  Coliiiuii  '20:  'I'ho  iioniuil  weight  of  Atilve  per  square  inch 
of  seat  area  is  foiuul  as  follows:  In  the  previous  cohimn  (19)  is 
given  the  total  normal  weight  at  the  edge  of  the  valve.  Taking 
the  center  of  pressure  of  the  issuing  stream  at  the  center  of  the 


TABLE  3    PUMP  VALVE  EXPERIMENTS.    CALCULATIONS  BASED  UPON  OBSERVED 
DATA  APPLIED  TO  DISCHARGE  VALVE  ONLY 


Ve- 

Ve- 

locity 

Rate  of 

Appar- 

locity 

Normal 

due  to 

Max. 

Max. 

ent 

Head 

Normal 

Weight 

Normal 

Ratio 

Plung- 

Pump 

Area  of 

Ve- 

due to 

Weight 

of 

Weight 

of  Ve- 

Seat 

Card 

R.P.M. 

er  Ve- 

Dis- 

Valve 

locity 

Ve- 

of 

Valve 

of 

locities 

Angle, 

No. 

locity. 

charge, 

Open- 

through 

locity 

Valve 

per  Sq . 

Valve, 

of  Col. 

Deg. 

Ft.  per 

In-Ft. 

ing, 

Valve, 

through 

at 

In.  of 

per  Sq 

21  to 

Sec. 

per  Sec. 

Sq.  In. 

Ft. per 
Sec. 

Valve, 
Lb. 

Lift, 
Lb. 

Seat 

Area, 

Lb. 

In.  of 
Seat 

Area, 
Lb. 

Col.  17 

1 

2 

14 

15 

16 

17 

18 

19 

20 

21 

22 

30 

.4-1 

20 

5.33 

176 

25.7 

6.85 

0.315 

9.43 

0.247 

6.08 

1,13 

30 

A-2 

25 

6.66 

220 

29.0 

7.59 

0.387 

9.61 

0.252 

6,12 

1,24 

30 

A-i 

30 

8.00 

264 

34.2 

7.72 

0.400 

9.90 

0,260 

6,22 

1,24 

30 

C-7 

20 

5.33 

176 

20.5 

8.58 

0.494 

15.6 

0.409 

7,81 

1,11 

30 

C-8 

25 

6.66 

220 

23.2 

9.48 

0.603 

15.8 

0.415 

7,87 

1,21 

30 

C-9 

30 

8.00 

264 

27.7 

9.53 

0.610 

16.2 

0,425 

7,95 

1,20 

45 

21 

20 

5.33 

176 

28.9 

6.09 

0.249 

11.0 

0.222 

5,75 

1,06 

45 

22 

25 

6.66 

220 

33.7 

6.53 

0.286 

11.2 

0.224 

5,77 

1,13 

45 

23 

30 

8.00 

264 

38.6 

6.48 

0.282 

11.3 

0,229 

5.84 

1,11 

45 

27 

20 

5.33 

176 

23.8 

7.39 

0.366 

18.0 

0,363 

7.35 

1,01 

45 

28 

25 

6.66 

220 

27.0 

8.15 

0.436 

18.2 

0.367 

7.39 

1,10 

45 

29 

30 

8.00 

264 

31.9 

8.28 

0,460 

18.5 

0.373 

7.45 

1,11 

60 

39 

20 

5.33 

176 

33.2 

5.30 

0.189 

13.2 

0.219 

5.71 

0.93 

60 

40 

25 

6.66 

220 

38.6 

5.71 

0.219 

13.3 

0.221 

5.74 

1.00 

60 

41 

30 

8.00 

264 

44.4 

5.94 

0.237 

13.4 

0  223 

5.76 

1,03 

GO 

45 

20 

5.33 

176 

27.7 

6.35 

0.270 

21.8 

0.363 

7.35 

0,86 

60 

46 

25 

6.66 

220 

32.3 

6.81 

0.311 

21.9 

0,364 

7.36 

0,90 

GO 

47 

30 

8.00 

264 

37.0 

7.14 

0.342 

22.0 

0,366 

7.38 

0.94 

seat  opening  (which  is  probably  not  exactly  correct,  but  which 
is  the  best  that  can  noAv  be  affirmed),  it  is  needed  but  to  reduce 
the  extreme  total  weight  to  this  center,  divide  by  the  seat  area 
in  square  inches  and  correct  for  loss  of  weight  in  water. 

36     For  the  30  deg.  seat  are  these  values,  P  being  the  total  nor- 
mal weight  at  lift,  found  in  column  19: 
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Fig.  1  j    Pumps  of  the  Baltimore  Sewage  Pumping  Engine  as  erected  in 

THE  Shop 
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7.87  X  0.86  X  P 
^=      4.81X0.55     =  0-0256  f [2] 

For  the  45  deg.  seat  these  values  become 
9.62  X  0.86  X  P 

1''  =     5.69X0.72      =  »-»20'2  ^ : t^] 

For  the  60  deg.  seat 

10.2  X  0.86  X    P 
^^—6.62X0.80     —  0-Ql^^^ m 


Nate:  The  Full  or  Upper  Graupof  lines  /s  for  fhe  l/pwe/'ghfecf  Val^e 
'•  Dottecf "  Lower      »      •■■       "      -    •■     -      Weigh  fed    " 

Fig.  14    Lift  op  Discharge  Valve,  corrected.    See  Table  2 

37  Column  21 :  Velocity  due  to  weight  of  valve  in  water  per 
square  inch  of  seat  area,  as  given  in  column  20,  is  found  by  form- 
ula [1]. 

38  Column  22:  It  now  remains  to  see  how  closely  these  cal- 
culated velocities  agree  with  the  apparent  velocities  as  given  in 
column  17.  These  ratios  are  found  in  this  column,  and  for  bet- 
ter study  they  are  plotted  in  Fig.  16. 

39  A  check  on  the  ratios  of  velocities  in  column  22  can  be 
had  by  finding  a  similar  ratio  of  the  weight  of  the  valve  and 
weight  or  "  head  "  due  to  the  velocity  through  the  valve,  as  given 
in  columns  18  and  20,  bearing  in  mind,  however,  that  the  veloci- 
ties vary  with  the  square  root  of  the  pressure  or  "  head."     For 
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example — taking  the  first  line  in  Table  3,  columns  18-20,  the 
weights  are  respectively  as  0.315  to  0.247,  and  their  square  roots 
as  0.561  to  0.500,  or  1.12  to  1,  practically  the  same  as  found  in 
column  22 ;  these  slight  divisions  being  due  to  the  number  of  dec- 
imals carried  in  the  calculations. 

COMPARISONS 

40    The  point  has  now  been  reached  where  the  results  of  these 
experiments  can  be  considered  with  some  degree  of  intelligence. 
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Fig.  15    Total  Normal  Weight  of  Valve  at  Start  and  at  2|  In.  Lift. 

See  Table  2 

Turning  to  the  first  proposition  propounded,  How  nearly  does 
the  calculated  velocity,  based  upon  the  method  here  described, 
agree  with  the  actual  velocity  through  the  valve  as  found  by 
these  experiments  ?  On  the  whole,  it  seems  to  do  so  very  closely ; 
indeed,  in  the  case  of  the  60  deg.  seat  and  light  valve,  almost 
exactly.  Rather  than  attempt  to  give  mathematical  expression 
to  these  deviations  and  apparent  discrepancies,  the  designing 
engineer  will  use  his  own  judgment  as  to  the  proper  allowance 
to  be  made  for  them.  Sufficiently  accurate  information  has  been 
obtained  to  prevent  future  mistakes  in  the  construction  of  this 
type  of  valve  as  applied  to  the  described  conditions. 


1438 


THE    BALTIMORE    SEWERAGE    PUMP    VALVE 


-II  Second.  Ill  what  proportion  does  the  lilt  of  the  valve 
change  Avitli  the  si)eed?  In  Table  4  these  results  are  tabulated 
and  reduced  to  percentages,  where  they  can  be  studied.  The  com- 
paratively rough  and  uneven  covering  plate,  holding  the  leather 
in  place,  is  largely  responsible  for  these  erratic  deviations.    With 


Unweighted  Valves 

Weigtitecf  Valves 
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Fig.  16    Ratio  of  Agreement  between  Calculated  and  Actual  Velocities 

THROUGH  THE  VaLVE.   SeE  CoL.  22,  TaBLE  3 
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''iG.  17  Maximum  Velocity,  Feet  per  Second,  of  Plunger  and  of  Flow 
THROUGH  Throat  of  Valve  and  through  Discharge  Valve  at  20,  25, 
AND  30  R.P.M.  and  with  30,  45  and  60  Deg.  Angle  of  Valve  Seat 


a  smooth  valve  face,  as  shown  in  Fig.  10,  the  deviations  would 
l)robably  have  been  gradual  and  proportionate  to  the  change  of 
angle  by  the  lift,  and  a  value  might  be  given  to  them  for  differ- 
ent seat  angles,  but  that  will  not  be  attempted  here. 

42  Third,  The  speed  remaining  the  same,  how  does  a  change 
of  weight  alfect  the  lift  of  the  valve?  Table  5  in  its  first  six  col- 
umns groups  together  previously  given  data,  and  in  column  7  is 
applied  the  theoretical  law  that  the  lift  should  be  inversely  pro- 
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portional  to  the  square  root  of  the  weight  of  the  valve.  That  is, 
takino;  the  liii'hter  valve  and  its  lift,  what  shoiihl  be  the  reduced 
lift  by  h)adina-  it  i  In  every  case,  it  will  be  observed,  the  valves 
lifted  hiffhcr  than  they  should,  according  to  this  rule.  On  the 
30  deg.  seat,  this  variation  was  oidy  about  3  per  cent ;  on  the  45 
deg.  seat,  about  5  per  cent;  and  on  the  GO  deg.  seat,  about  7.6  per 

TABLE  -i     COMPARISON  OF  LIFT  OF   VALVE  WITH  INCREASED  SPEED 
Theoretically,  the  Lift  should  ue  dirkctly  proportional  to  the  Speed 


R.P.M. 

Light  or  Unweighted  Valve 

Heavy  or  Weighted  Valve 

Seat 
Angle, 
Deg. 

Actual, 
In. 

Theor- 
etical, 
In. 

Deviation 

Actual, 
In. 

Theor- 
etical, 
In. 

Deviation 

Per 
Cent 

Per 
Cent 

Per 
Cent 

Per 
Cent 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

30 
30 
30 

20 
25 
30 

1.43 
1.61 
1.90 

1.43 
1.79 
2.14 

100 
90 

88 

100 

98 

1.14 
1.29 
1.54 

1.14 
1.42 
1.71 

100 
91 
90 

100 
100 

45 
45 
45 

20 
25 
30 

1.46 
1.68 
1.95 

1.46 
1.82 
2.19 

100 
92 

89 

100 
96 

1.20 
1.38 
1.61 

1.20            100 

1 . 50              92              100 

1.80     (        89               97 

60 
60 
60 

20 
25 
30 

1.51 
1.75 
2.00 

1.51 
1.89 
2.26 

100 
92 

88 

100 
95 

1.26 
1.47 
1.68 

1.26 
1.57 
1.89 

100 
94 

88 

100 
95 

40 

2.50 

2 .  50         47  revolutions 

Note. — These  last  valves  would  have  gone  to  their  stops  at  40  and  47  r.p.m.  respectively. 

cent.  Why  should  it  have  lifted  higlier  than  calculated?  The 
only  explanation  seems  to  be  that  the  increased  weight  reduced 
the  angle  of  impingement  of  the  issuing  stream  against  the  face 
of  the  valve,  and  that  this  change  of  angle  was  projiortionately 
more  on  the  00  deg.  seat  than  on  the  others. 


NOTES 

43  In  Fig.  18  are  shoAvn  the  areas  of  the  plunger  displace- 
ment and  the  valve  areas.  At  once  one  may  ask  why  these  en- 
larged valve  areas  are  greater  than  that  of  the  valve  opening,  or 
outlet;  or  perhaps  more  pertinently,  Why  does  not  the  engine 
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builder  open  the  valve  so  as  to  give  this  required  area  when 
specifications  call  for,  say,  valve  area  of  145  per  cent  of  plunger 
area  ?  Simply  because  he  cannot  do  it.  If  the  valve  were  made 
light  enough  to  open  to  this  height,  it  would  open,  but  it  would 
close  with  a  slam  that  would  sound  like  a  10-in.  gun  explosion. 

44     In  Fig.  17  are  plotted  the  plunger  velocities  and  velocities 
through  throat  and  outlet  of  valve,  and  it  will  be  observed  that 

TABLE  5     COMPARISON  OF  WEIGHT  AND  LIFT  OF   VALVE 

The  Lift  should  be  Invekselt  Proportional  to  the  Square  Root  of  its  Weight.      Dis- 
charge Valve  only 


Weight  per  Sq.  In. 

Lift  of  Valve 

Seat 

R.P.M. 

Angle, 

Deg. 

Unweighted, 

Weighted, 

Unweighted, 

Weighted, 

According 

Deviation, 

Lb. 

Lb. 

In. 

In. 

to   Rule 

Per  Cent 

1 

2 

3 

4 

5 

6 

7 

8 

30 

20 

0.247 

0.409 

1.43 

1.14 

1,11 

1.026 

30 

\       25 

0.252 

0.415 

1.61 

1.29 

1.25 

1.028 

30 

j      30 

0.260 

0.425 

1.90 

1.54 

1.49 

1.036 

45 

20 

0.222 

0.363 

1.46 

1.20 

1.14 

1.050 

45 

25 

0.224 

0.3G7 

1.68 

1.38 

1.31 

1.051 

45 

30 

0.229 

Q.373 

1.95 

1.61 

1.52 

1.054 

60 

20 

0.219 

0.363 

1.51 

1.26 

1.17 

1.074 

60 

25 

0.221 

0.364 

1.75 

1.47 

1.36 

1.078 

60 

30 

0.223 

0.366 

2.00 

1.68 

1.56 

1.076 

60 

30 

0.165 

2.50 

Note. — This  last  valve,  weighing  0.165  lb.  per  sq.  in.  of  seat  area,  making  30  r.p.m.  would 
have  gone  to  its  2J^  in.  stop. 


with  the  lightest  valve,  on  a  60-deg.  seat,  the  velocity  through  the 
valve  reached  5.80  ft.  a  second,  while  the  plunger  made  5.3;^ 
ft.  a  second.  And  yet,  late  water  works  specifications  contain  the 
clause  that  "  the  velocity  through  the  valve  shall  not  exceed  3  ft. 
a  second!  "  Such  a  low  velocity  was  never  obtained  through  a 
pump  valve.  It  would  call  for  a  valve  weighing  only  0.06  lb.  per 
sq.  in.  of  seat  area — 1/10  of  the  actual  pressure  or  weights  of 
valves,  in  practice.  The  writer  has  weighed  numerous  valve 
springs  on  modern  city  pumping  engines  and  found  them  to  be 
about  O.GO  lb.  (more  and  less)  per  sq.  in.  of  net  seat  area  at  the 
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start,  and  tightening  up  to  as  much  as  1.50  lb.  when  lifted  to  a 
stop  only  9/lG  in.  high,  entailing  a  velocity  of  at  least  9  ft.  to  15 
ft.  a  second. 

45  Turning  to  valve  card  No.  41,  it  will  be  seen  that  it  closes 
promptly  even  at  30  r.  p.  m.  with  a  2  in.  lift,  and  its  weight  at 
the  start  was  only  0.212  lb.  per  sq.  in.  and  0.227  lb.  at  its  full 
21/^  in.  lift,  an  increase  of  weight  of  only  7.1  per  cent.     This  is 


TABLE  G     VALVE  RESISTANCE  BY  INDICATOR  CARDS  AND  BY  CALCULATION. 

SEE  FIG.  19 


R.P.M. 

Unweighted 

Weighted 

Seat  Angle, 
Deg. 

By  Indicator 
Per  Cent 

By  Weight 
of  Valve 
Per  Cent 

By  Indicator 
Per  Cent 

By  Weight 
of  Valve 
Per  Cent 

1 

2 

3 

4 

5 

6 

30 
30 
30 

20 
25 
30 

2.75 
3.09 
4.29 

2.31 
2.37 
2.38 

4.10 
3.76 
2.91 

3.83 
3.89 
3.98 

45 
45 
45 

20 
25 
30 

2.85 
3.46 
4.17 

2.08 
2.10 
2.15 

3.79 
4.12 
4.49 

3.40 
3.44 
3.50 

60 
60 
60 

20 
25 
30 

2.95 
3.27 
2.63 

2.05 
2.07 
2.09 

3.45 
2.95 
3.44 

3.40 
3.41 
3.43 

Averages . 

3.27 

2.18 

3.67 

3.59 

an  initial  weight  of  only  about  one-third  and  a  final  weight  of 
only  about  one-sixth  as  much  as  is  put  into  spring-operated 
pump  valves. 

VALVE   KESISTAISTCE 

40  It  will  be  noted  that  the  pressure  line  in  both  suction  and 
discharge  chambers  was  traced  on  the  pump  indicator  cards. 
From  these,  the  valve  resistance  commonly  called  friction  could 
have  been  obtained  if  an  average  of  many  cards  could  have  been 
had ;  but  the  few  taken  for  each  experiment  were  too  few  to  give 
rational  results.  In  Table  6,  columns  3  and  5  are  copied  from 
Mr.  Mayer's  records  and  plotted  in  Fig.  19.  The  fluctuations  are 
too  great  for  an}-  reasonable  deductions. 
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47  The  writer  has  therefore  attempted  to  make  a  calcuhition 
of  this  resistance  based  upon  the  weight  of  the  valve  which,  it 
seems  to  him,  is  the  source  of  this  loss.  I*ractically,  all  other  re- 
sistances within   a   pump  are  of  relatively  small   amount,  and 


30  .Seat 


aO    Seat 


45  ,  Seat 


Fig.   18     Proportional  Areas  at  Maximum  Velocities 
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Fig.  19     Percentage   of  \'alve  Friction  to  72  Ft.  Head 


iience  the  weight 
l)ump  losses. 

48  It  will  be  r 
valves  is  given  in 
sion  was  made  to 
a  calculation  for 
depend  upon  the 
then  be  increased 
purpose  of  illusti 


of  a  valve  furnishes  a  reasonable  criterion  of 

ecalled  that  the  apparent  velocity  through  the 
column  17,  Table  -^,  and  that  no  further  allu- 

the  effect  of  contraction  through  the  valve.  If 
loss  of  power  is  to  be  made,  its  amount  will 
amount  of  contraction,  for  the  velocity  must 

in  an  inverse  ratio  to  the  contraction.    For  the 

ating  the  method  followed,  a  contraction  of  81 


/ 


; 
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per  cent  has  been  assumed.  That  would  increase  the  velocity  23 
per  cent  and  the  velocity  head  50  per  cent.  Taking  the  weight  of 
the  valve  as  given  in  column  .*()  and  increasing  it  by  50  per  cent, 
gives  a  fair  basis  for  calculating  the  loss  of  power  within 
the  pump.  To  bring  this  to  a  percentage  basis  it  must  be  nuilti- 
plied  by  two  to  apply  it  to  both  strokes  and  divided  by  32  lb.  for 
short  (31.74  lb.)  being  the  net  total  head  in  column  5,  Table  1, 
and  these  values  are  given  in  cohimns  4  and  C,  Table  C,  and 
plotted  in  Fig.  19. 

49  It  nuist  be  left  to  the  reader  to  decide  whether  the  writer's 
assumptions  and  deductions  are  rational  and  justifiable. 

50  The  writer  wishes  to  express  his  obligations  to  Mr.  E.  G. 
Grace,  General  JVfanager,  Bethlehem  Steel  Company,  for  permis- 
sion to  make  public  the  technical  information  obtained  by  these 
experiments. 
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THE   VAUCLAIN   DRILL 

By  a.  C.  Vauclain 
and 

H.    V.    WiLLE 

ABSTRACT   OF   PAPER 

In  the  usual  type  of  drill  there  are  four  distinct  cutting  edges.  The 
actual  cutting,  however,  is  done  mainly  by  the  two  edges  extending  from 
the  outer  circumference  to  points  near  the  center.  At  the  central  portion 
of  the  drill  are  the  two  shorter  cutting  edges  constituting  the  "  chisel 
point "  which  do  not  cut  freely  and  introduce  stresses  tending  to  split  the 
drill. 

The  paper  describes  a  new  type  of  twist  drill  which  has  two  radial 
cutting  edges  and  in  which  the  usual  chisel  point  of  such  drills  is 
eliminated. 

In  this  drill  the  stresses  due  to  the  chisel  point  are  absent  and  the 
arrangement  of  the  cutting  edges  is  such  that  a  greater  thickness  of  metal 
is  secured  at  the  center  of  the  drill,  adapting  it  to  heavy  feeds  by  which 
means  the  most  economical  results  are  secured  in  drilling. 

Tables  are  given  showing  the  results  of  comparative  tests  with  the 
Vauclain  and  regular  types  of  drills,  indicating  a  saving  with  the  former 
of  over  half  the  horsepower  expended  with  the  latter  type. 
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THE  VAUCLAIN  DRILL 

By  a.  C.  Vauclain,  Philadelphia,  Pa, 

Non -Member  ^ 

and 

Henry  V.  Wille,  Philadelphia,  Pa. 

Membei"  of  the  Society 

Speaking  generally,  there  can  be  no  better  definition  of  econ- 
omical drilling  than  "  rapid  drilling  " — the  saving  of  time.  The 
fact  that  a  drill  will  cut  at  some  phenomenal  speed  or  will  con- 
sume such  and  such  an  amount  of  powder  means  nothing  so  far 
as  productive  capacity  is  concerned.  The  object  in  view  is 
the  removal  of  chips. 

2  The  productive  possibilities  of  any  metal-cutting  tool  are 
limited  b}-  its  stress  and  heat  resisting  capacities.  The  tempera- 
ture at  which  it  will  continue  to  operate  successfully  depends 
upon  the  excellence  of  material  and  manufacture,  but  the  rapid- 
ity of  heat  generation  and  the  stresses  set  up  in  the  tool  de- 
pend upon  the  design  of  the  tool  and  the  selection  of  feeds 
and  speeds. 

3  With  a  given  excellence  of  material  and  manufacture,  the 
strength  of  the  tool  must  depend  upon  the  extent  and  disposi- 
tion of  the  section.  The  size  of  the  drill  is  necessarily  limited 
by  the  size  of  the  hole  to  be  drilled.  The  section  of  the  drill 
has  a  lesser  area  than  that  of  the  hole,  since  space  must  be  pro- 
vided for  the  discharge  of  chips  from  the  hole.  The  design  of 
the  drill  should  therefore  be  that  which  will  give  it  the  maxi- 
mum of  strength  and  strength  conservation. 

4  Cutting  stress  is  practically  independent  of  the  cutting 
speed  and  wdth  a  given  feed  is  proportional  to  the  lip  angle  of 

1  Genl.  Supt.,  Southwark  Fdy.  &  Mch.  Co. 


The  American  Society  of  Mechanical  Engineers,  29  West  39th  Street 
New  York.     All  papers  are  subject  to  revision. 
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the  cutting  edge.    The  cutting  stress  does  not  increase  as  rapidly 
as  the  feed. 

5  The  rapidity  with  which  cutting  lieat  is  generated  depends 
upon  the  cutting  speed,  the  depth  of  feed  and  the  lip  angle  of 
the  cutting  edge. 

6  Since  both  the  stress  and  heat  are  influenced  b}^  the  keen- 
ness of  the  cutting-edge,  it  is  desirable  that  the  lip  angle  be  as 
small  as  possible.    But  it  must  be  blunt  enough  to  carry  olT  the 


Fig.  1     Common  Type 
OF  Twist  Drill 


Fig.  2     Common  Type 
OF  Flat  Drill 


Fig.  3  Showing  Included  Angle  of  Cutting  Edges  of  138  Deg. 


heat  and  to  support  the  chip  pressure,  which  falls  more  or  less 
back  of  the  actual  cutting  edge,  according  to  the  depth  of  feed. 
Since  the  chip  is  torn,  not  cut  from  the  work,  rupture  between 
work  and  chip  precedes  the  actual  cutting  edge.  The  heavier 
the  feed,  the  farther  back  from  the  cutting  edge  will  its  pres- 
sure fall  upon  the  tool. 

7  Under  ideal  conditions,  the  torsional  capacity  of  the  drill 
should  be  its  limit  of  cutting  strength.  This  does  not  obtain  in 
the  present  commonly  used  tj^pes  of  drill,  and  they  break  down 
very  considerably  below  their  torsional  strength.  Why  this  is 
so  will  be  explained  later  in  detail. 

8  The  feed  remaining  constant,  the  horsepower  consumption 
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will  be  proportional  to  the  si)eed.  Tliis  is  true  both  of  the  power 
consumed  by  the  macliiue  and  that  consumed  in  cutting.  The 
speed  remaining  constant,  the  power  consumed  in  cutting  does 
not  increase  as  rapidly  as  the  feed  and  the  power  consumed 
by  the  machine  remains  constant  for  all  feeds. 

9  From  this,  it  Avill  be  seen  that  the  most  economical  method 
of  chip  production  is  by  giving  preference  to  the  feeds,  rather 
than  the  speeds.     ]'()wer,  time  nnd  drills  will  be  saved  thereby. 

COIMMONIA'    ITSED    TYI'ES    OF    DRITJ.S 

10  Figs.  1  and  2  illustrate  the  section  scheme  of  drills  now 
commonlv  used.     While  there  are  many  modifications  of  these. 


Fig.  4     Ordinary  Type  of  Drill  showing  how  Drill  Splits  Centrally 

IN  Heavy  Usage 

the  figures  suffice  to  illustrate  their  common  characteristic,  which 
is  that  the  cutting  edges  A  and  B  pass  to  one  side  of  the  axis 
of  motion  of  the  drill'instead  of  through  the  axis.  In  this  respect 
there  is  no  difference  between  Figs.  1  and  2. 

11  It  will  be  seen  that  in  this  scheme  the  drill  has  four  dis- 
tinct edges.  A,  B,  O  and  D,  and  that  the  usual  name  given  to  it 
of  "two-lip  "  drill  is  not  correctly  applied. 

12.  Referring  to  Fig.  3,  it  is  customary  for  the  included  angle 
E  to  be  of  118  deg.  and  the  cutting  edges  C  and  D,  Figs.  1  and  2, 
therefore  have  an  unfavorable  lip  angle.  These  edges  constitute 
what  is  commonly  called  the  chisel  point  and  their  cutting  resist- 
ance is  very  great.  The  cutting  edges  A  and  B  cut  more  freeh^ 
than  the  cutting  edges  G  and  D  and  a  tendency  to  longitudinal 
fracture  of  the  drill  is  set  up  thereby.  This  is  the  cause  of 
the  splitting  of  drills  (Fig.  4).  In  explanation  of  this  splitting 
tendency.  Fig.  5  represents  a  section  of  brittle  wire  A  held  in  vise 
jaws  B.  If  sufficient  pressure  is  applied,  as  indicated  by  arrows 
X  and  Y,  the  Avire  will  l)reak  at  R  and  S,  due  to  the  resistance 
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of  the  vise  and  to  the  forces  X  and  Y  tending  to  revolve  it  about 
its  axis. 

13  Those  portions  of  the  wire  not  within  the  vise  jaws  repre- 
sent, in  the  drill,  the  cutting  edges  A  and  B^  Fig.  1,  free  cutting, 
due  to  their  favorable  lip  angle.  That  portion  of  the  wire  held 
within  the  jaws  represents  the  cutting  edges  G  and  /),  or  the 
chisel  point,  imbedded  in  the  work  and  having  to  overcome  a 
high  cutting  resistance  due  to  the  unfavorable  cutting  lip  angle 
of  these  edges.  Under  very  heavy  feeds,  these  two  edges  tend 
to  stand  still,  wdiile  edges  A  and  B  continue  to  cut  with  the 
result  that  the  drill  is  fractured  in  a  manner  similar  to  the  break- 
ing of  the  wire  in  Fig.  5.  In  the  drill  the  width  of  the  vise 
jaws  becomes  infinitesimal  and  the  fractures  R  and  IS  coincide 
and  constitute  the  longitudinal  splitting  of  the  drill. 


^ 


T 


A  B  J 

Fig.  5    Illustrating  Splitting  Actions  by  Means  of  Wire  held  in  Vise 

14  In  the  commonly  used  types  of  drills  there  are  but  two 
methods  of  reducing  the  chisel  point,  viz.,  by  thinning  the  drill 
at  its  center,  or  by  pointing.  By  the  former  method  the  resist- 
ance to  longitudinal  splitting  becomes  lowered  and  by  the  latter 
method  the  cutting  edges  lose  their  support  at  and  near  the 
center  of  the  drill. 

15  By  the  foregoing  it  will  be  seen  that  the  feed  possibilities 
of  the  ordinar}^  types  of  drills  are  not  very  great.  Either  the 
drill  will  split  or  its  cutting  edges  Avill  break  under  heavy  feeds, 
long  l)efore  its  torsional  capacity  is  reached.  Sunmied  up,  the 
disadvantages  of  this  type  of  drill  are  as  follows: 

a    Its  wealaiess. 

h     The  unfavorable  cutting  lip  angles  of  the  chisel  point 

create   a   tendency    to   longitudinal    splitting   of   the 

drills. 
c     If  the  chisel  point  is  reduced  by  central  thinning  of  the 

drill,    the    resistance    to    longitudinal     splitting    is 

lowered. 
(1     If  the  chisel  point  is  reduced  hy  pointing,  the  cutting 
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edges  are  deprived  of  their  essential  support  at  and 

near  the  center  of  the  drill. 
Essential  central  thickness  and  cutting  edge  support 

are  obtained  only  in  connection  with  a  considerable 

chisel  point. 
The  tendency  to  longitudinal  splitting  is  increased  by 

any  increase  in  the  extent  of  the  chisel  point. 
The  resistance  to  penetration  due  to  the  chisel  point 

is  very  great  and  is  increased  by  any  increase  in  the 

extent  of  the  chisel  point. 


Fig.  6     Diagram  illustrating  Principle  of  Vauclain  Drill 


—TV' 


Fig.  7     Central  Edges  of  Fig.  6  shown  beveled 

It  is  not  adapted  to  heavy  feeds,  and  must  therefore 
be  used  under  the  conditions  of  moderate  feeds  and 
high  speeds,  the  least  economical  method  of  chip  pro- 
duction. 

There  are  four  cutting  edges,  two  of  which  do  not  pass 
through  the  axis  of  motion,  hence  the  aggregate 
length  of  the  cutting  edges  is  excessive.  This  is  pro- 
ductive of  greater  torque,  hence  of  power  consumption. 


DESCKIPTION    OF   THE    VAUCLAIN    DRILL 

16  The  Vauclain  drill  is  a  "  heavy  feed  "  drill  adapted  to 
the  most  economical  method  of  metal  cutting  and  of  great 
strength,  due  to  its  design. 

17  In  order  better  to  describe  the  drill,  the  section  scheme 
will  first  be  explained  diagrammatically  and  the  development  of 
the  actual  section  will  then  be  illustrated. 
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18  In  Fig.  6  is  shown  a  bar  comprising  two  flat  bars  over- 
lapping and  integrally  connected,  as  indicated. 

191  By  beveling,  as  shown  at  0  and  P,  Fig.  7,  the  edges  A 
and  B  are  made  to  meet  at  the  axis  of  the  bar.     Since  these 


Fig.  S     Showing  Fig.  7  ground         Fig.  9     Showing  Appearance 
TO  form  a  Drill  of  Drill  when  twisted 


y 


^^ 

S     1 1 

V 


w- 


XIZJ 


Fig.  10    Successive  Sections  showing  Development  of  Bar  of  Fig.  6  into 
Form  adapted  for  Vauclain  Drill 


beveled  surfaces  are  at  an  angle  with  the  axis  the  integral  con- 
nection between  the  two  fiat  bars  remains  unbroken. 

20  Fig.  8  indicates  how  the  end  of  the  bar  would  appear 
when  ground  to  form  a  drill  and  Fig.  9  how  it  would  appear  if 
twisted. 
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21  Fig.  10-a  again  shows  the  section  or  end  view  of  the  bar 
in  its  original  form.  Introducing  fillets  at  B  and  S  gives  the 
form  shown  in  Fig.  10-b  and  removing  the  corners  W  and  V 
modifies  it  as  in  Fig.  10-c.  In  Fig.  10-d,  by  adding  areas  X  and 
Y  to  the  section,  its  torsional  value  is  increased. 

22  Fig.  11  shows  the  exact  section  profile  and  in  Fig.  12  is 
reproduced  a  photograph  of  three  of  these  drills. 

23  Tests  have  been  made  for  the  purpose  of  comparing  the 


-— r 


Fig.  U     Diagram  showing  Exact  Form  of  Construction  of  Drill 

Circle  A  =  Circumference  of  Drill 
Diameter  of  Circle  5  =  3/16  Diameter  of  Drill 
Diameter  of  Circle  C  =  3/16  Diameter  of  Drill 
S  =  3/32  of  Diameter  of  Drill 
7  =  3/16  of  Diameter  of  Drill 
ZY  =  indicates  cutting  edges 


ordinary  and  the  Yauclain  types  of  drills.  In  order  to  secure 
uniform  conditions  care  was  taken  that  the  different  drill  tests 
should  be  alike  in  quality  of  drill  steel,  heat  treatment  and  tem- 
pering. The  material  drilled  was  a  tough  forging  grade  steel 
of  about  0.45  carbon.  Tables  1,  2  and  3  show  the  horsepower 
saved  by  giving  the  preference  to  the  feeds,  also  the  relative 
strength  and  endurance  of  the  ordinary  and  the  Vauclain  types 
of  drills.    The  size  of  drill  used  in  all  tests  was  I^/q^  inches. 

24  By  examination  of  these  diagrams  and  photographs  it 
will  be  seen  that  the  chisel  point  is  eliminated  without  central 
thinning  of  the  drill  and  without  weakening  the  cutting  edges. 
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ADVANTAGES  OF  THE  VAUCLAIX   DRILL 

25     The  improved  design  of  this  drill  has  brought  about  the 
following  important  features: 

a     Essential  centrid  thickness  is  secured. 
h     Cutting  edges  are  properly  supported  at  all  points. 
G     Chisel  point,  with  its  unfavorable  lip  angles,  is  elimi- 
nated without  weakening  drill  or  cutting  edges. 


Fig.  12    Examples  of  the  Vauclain  Drill 


26 


d     Cutting  edges  pass  through  nxis  of  motion. 
e     There  are  only  two  cutting  edges. 
/    Aggregate  length  of  cutting  edges  is  reduced  to  mini- 
mum. 
As  a  result  of  these  features  the  following  advantages  are 


secured : 

g 
h 


Increased  strength  and  reduced  liability  to  splitting. 
It  is   adapted   to   heavy   feeds,   the   most   economical 

method  of  cutting  metal. 
Productive  capacity  is  increased. 
Horsepower  consumption  per  unit  of  metal   removed 

is  reduced. 
Life  of  drill  is  increased  and  frequency  of  grinding 

is  less. 
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TABLE   1     STRENGTH    COMPARISONS 


Test 

Kind 

of 
Drill 

Feed 
per 
Rev. 

Speed 
R.p.m. 

Inches 
per 
Min. 

Holes 
Drilled 

Total 
Inches 
Drilled 

Compare 

to 

Test 

Condition 
of  Drill 
After  Test 

See 

Note 

1 

Regular 

0.009 

300 

2.70 

1 

3.875 

6 

0.  K. 

^ 

2 

Regular 

0.0145 

300 

4.35 

1 

3.875 

7 

O.  K. 

3 

Regular 

0.020 

300 

6.00 

1 

3.875 

8 

0.  K. 

•  A 

4 

Regular 

0.030 

300 

9.00 

1 

3.875 

9 

O.  K. 

5 

Regular 

0.050 

300 

15.00 

0 

0.  - 

10 

Broke — see  note 

() 

Vauclain 

0.009 

300 

2.70 

1 

3.875 

1 

O.  K. 

7 

^'auclain 

0.0145 

300 

4.35 

1 

3.875 

2 

O.  K. 

8 

^■auclain 

0.020 

300 

6.00 

1 

3.875 

3 

0.  K. 

B 

9 

Vauclain 

0.030 

300 

9.00 

1 

3.875 

4 

O.  K. 

10 

Vauclain 

0.050 

300 

15.00 

1 

3.875 

5 

O.  K. — .see  note 

11 

Regular 

0.009 

170 

1.53 

1 

3.875 

16 

O.  K. 

12 

Regular 

0.0145 

170 

2.465 

1 

3.875 

17 

0.  K. 

13 

Regular 

0  020 

170 

3.40 

1 

3.875 

18 

0.  K. 

■  C 

14 

Regular 

0.030 

170 

5.10 

1 

3.875 

19 

0.  K. 

15 

Regular 

0 .  050 

170 

8.50 

see  note 

1.000 

20  note 

Broke — see  note 

16 

Vauclain 

0.009 

170 

1.53 

1 

3.875 

11 

0.  K. 

^ 

17 

Vauclain 

0.145 

170 

2.465 

1 

3.875 

12 

0.  K. 

18 

Vauclain 

0.020 

170 

3.40 

1 

3.875 

13 

0.  K. 

D 

19 

Vauclain 

0.030 

170 

5.10 

1 

3 .  875 

14 

O.  K. 

20 

Vauclain 

0  050 

170 

8.50 

1 

3 .  875 

15 

O.  K. — see  note 

21 

Regular 

0.009 

170 

1.53 

1 

3.875 

26 

O.  K. 

^ 

22 

Regular 

0.145 

170 

2.465 

1      ' 

3.875 

27 

O.  K. 

23 

Regular 

0.020 

170 

3.40 

1 

3.875 

28 

0.  K. 

■  E 

24 

Regular 

0.030 

170 

5.10 

3.875 

29 

Broke  emerging 

25 

Regular 

0.050 

170 

8.50 

30-31-32 

■ 

26 

Vauclain 

0.009 

170 

1.53 

21 

O.  K. 

' 

27 

Vauclain 

0.0145 

170 

2.465 

22 

0.  K. 

28 

Vauclain 

0  020 

170 

3.40 

23 

0.  K. 

29 

Vauclain 

0.030 

170 

5.10 

see 

24 

0.  K. 

>  F 

30 

Vauclain 

0 .  050 

170 

8.50 

note 

25 

0.  K. 

31 

Vauclain 

0.050 

208 

10.40 

1 

25 

0.  K. 

32 

Vauclain 

0.050 

245 

12.25 

see  note 

1.000 

25 

Broke — see  note 

A.  Drill  broke  after  point  had  penetrated  to  J4  in.  diameter,  broke  into  many  pieces;  split. 
Torque  is  practically  proportional  to  the  square  of  the  diameter,  hence,  since  A  broke  when  point 
had  penetrated  to  only  J4  in.  diameter,  B  showed  170  per  cent  the  strength  of  A. 

B.  Drill  was  permitted  to  emerge  from  work  without  knocking  out  feed;  a  slight  crack  in  one 
cutting  edge  developed  after  drilling  at  rate  of  15  in.  per  min.  and  emerging. 

C.  Drill  broke  into  many  pieces  after  penetrating  1  in.  in  last  hole.  Drilling  at  rate  of  8.50 
in.  per  min.  split. 

D.  Since  no  heavier  feeds  were  obtainable  in  the  machine  this  drill  was  afterward  run  at 
208  r.p.m.  and  0.050  feed  and  broke  only  when  emerging  from  bottom  of  hole;  drilling  at  rate  of 
10.40  in.  per  min.  and  emerging.  Taking  into  consideration  that  D  emerged  and  C  did  not,  the 
difference  in  strength  is  much  greater  than  that  indicated  by  the  difference  in  inches  per  minute. 

F.  In  order  to  get  an  actual  comparison  with  C  which  broke  at  1  inch  penetration,  this  drill 
was  not  allowed  to  emerge  from  the  work.  It  broke  drilling  at  rate  of  12.25  in.  per  min.;  after 
penetrating  1  in.     Drill  broke  torsionally  and  did  not  split. 
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I  Distress  in  machine  is  less  and  resistance  to  penetra- 
tion is  reduced. 

m  Better  holes  are  produced  and  afterwork  of  reaming  is 
less. 


TABLE  2     ENDURANCE  TESTS 


Test 

Kind 

of 
Drill 

Feed 
per 
Rev. 

Speed 
H.p.m. 

Inches 
per 
Min. 

Holes 
Drilled 

Total 
Inches 
Drilled 

Compare 

to 

Test 

Condition 

of  Drill 

After  Test 

See 
Note 

33 

Regular 

0.009 

300 

2.70 

42 

162.75 

34 

Cutting  edges  worn 

V 

34 

Vauclain 

0.020 

208 

4.1C 

42 

162.75 

33 

Cutting  edges  worn 

35 

Regular 

0.020 

300 

6.00 

21 

81.37 

30 

Cutting  edges  burned 

—B 

36 

Vauclain 

0.030 

208 

6.24 

21 

81.37 

35 

Cutting  edges  O.K. 

37 

Regular 

0.020 

300 

6.00 

6 

23.25 

38-39 

Badly  burned 

38 

Vauclain 

0.030 

208 

6.24 

26 

105.75 

37 

Cutting  edges  O.K. 

C 

39 

Vauclain 

0.030 

208 

6.24 

35 

135.12 

37 

See  note 

D 

40 

Vauclain 

0.0145 

208 

3.02 

20 

41 

0.  K. 

41 

Regular 

0.009 

208 

1.87 

20 

40 

0.  K. 

42 

Regular 

0.009 

300 

2.70 

11 

43 

O.  K. 

43 

Vauclain 

0.0145 

245 

3.55 

11 

42 

O.  K. 

44 

Regular 

0.009 

300 

2.70 

10 

45 

0.  K. 

45 

Vauclain 

0.0145 

245 

3.55 

10 

44 

O.  K. 

46 

Vauclain 

0.020 

245 

4.90 

5 

47 

0.  K. 

47 

Regular 

0.0145 

245 

3.55 

5 

46 

O.  K. 

48 

Regular 

0.0145 

300 

"4.35 

10 

49-52 

O.  K. 

49 

Vauclain 

0.020 

300 

6.00 

10 

48 

O.  K. 

50 

Regular 

0.020 

300 

6.00 

25 

51 

Burned  corners 

B 

51 

Vauclain 

0.020 

300 

6.00 

39 

50 

Burned  corners 

E 

52 

Vauclain 

0.020 

300 

6.00 

10 

48 

O.  K. 

A     Cutting  edges  of  Vauclain  drill  less  worn  than  regular  drill. 
B     Chisel  point  also  burned. 

C     Broke  in  26th  hole  by  running  into  another  hole. 

D    Spindle  of  machine  ran  hot,  causing  "jumping"  of  speed,  and  cutting  edges;  broken  by 
resulting  shocks.     Drill  at  one  period  stood  still,  but  did  not  fracture  except  at  cutting  edges. 
E     Point  O.  K. 


TABLE  3      COMPARATIVE  TESTS  OF  REGULAR  AND  VAUCLAIN  DRILLS 


Test 

Kind 

Feed 

Speed, 

In. 

H.P. 

Per  Cent 

per  Rev. 

R.P.M. 

per  Min. 

Expended 

Saving 

53 

Regular 

0.00599 

300 

1.797 

10.86 

54 

Regular 

0.02 

87 

1.74 

10.30 

55 

Vauclain 

0.02 

87 

1.74 

5.03 

51.2 

56 

Vauclain 

0.00599 

300 

1.797 

4.73 

06.4 

TESTS   OF   A    1000-TI.P.    TUBES    HIGH    B.    &   W. 

BOILEJI 

By  B.  N.  Bump 
ABSTRACT  OF  PAPER 

The  tests  described  iu  this  paper  were  made  on  an  inclined  header  Bab- 
cock  and  Wilcox  boiler,  with  superheater  and  mechanical  stoker.  The 
experimental  unit  was  installed  for  the  purpose  of  determining  the  maxi- 
mum heat  efficiency  and  fuel  economy,  and  the  variation  of  such  efficiency 
with  changes  iu  the  boiler  rating,  also  to  gather  data  useful  in  the  design 
of  a  unit  for  a  large  installation.  The  peculiar  feature  of  the  boiler  is 
the  unusual  height ;  the  sections  being  24  tubes  high. 

A  Foster  superheater  was  placed  between  the  top  row  of  tubes  and 
the  boiler  drums,  and  the  gases  entered  the  suijerheater  after  passing 
over  24  tubes.  The  superheat  was  found  to  go  up  with  the  boiler  rating, 
increasing  from  30  deg.  to  about  75  deg.  fahr.  for  a  change  in  rating 
from  55  to  120  per  cent. 

The  fuel  was  burned  on  a  six  retort  Taylor  stoker  having  a  grate  area, 
exclusive  of  dump  grate,  of  62.5  sq.  ft.  One  of  the  results  of  increasing 
the  height  of  a  boiler  is  a  large  ratio  of  boiler  heating  surface  to  grate 
area,  which  in  this  case  was  IGO  to  1.  Such  a  large  ratio  limits  the 
capacity  of  the  boiler,  making  it  impossible  to  run  at  high  boiler  ratings. 

The  best  combined  efficiency,  81.3  per  cent,  was  obtained  at  about  5G 
per  cent  of  rating.  The  efficiency  decreases  slowly  with  an  increase  in 
the  boiler  rating.  The  low  rating  tests  show  exit  gas  temperatures  but 
little  above  the  temperature  of  the  saturated  steam  in  the  boiler.  The 
radiation  losses  are  low  considering  the  exposed  condition  and  the  low 
atmospheric  temperatures  surrounding  the  unit. 
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TESTS  OF  A  1000-H.P.    24  TUBES  HIGH  B.  &  W. 

BOILER 

By  R.  N.  Bi  MP,  Syracuse.  N.  Y., 
Member  of  the  Society 

The  boiler  tested  was  erected  as  an  experiment  for  the  pur- 
pose of  determining,  by  test  and  by  continuous  operation  in  the 
regular  service  of  a  large  plant,  the  advantages  and  disadvan- 
tages of  so  high  a  boiler  of  the  B.  &  W.  type.  These  tests  were 
made  from  November  1911  to  February  1912.  They  were  ex- 
pected to  answer  the  following  questions: 

a     At  what  rating  will  the  highest  efficiency  be  obtained 
h     Will  the  superheat  obtained,  with  the  superheater  lo- 
cated above  the  24tli  tube,  be  sufficient  to  pay  for  the 
installation  of  the  superheater 
c    Will  the  last  pass  of  the  boiler  be  effective 
d    Can  the  exit  gas  temperature  be  reduced  very  nearly 

to  the  temperature  of  the  steam  in  the  boiler 
e    If  the  exit  gas  temperatures  are  close  to  the  steam  tem- 
perature, will  pitting  occur  in  the  back  end  of  the 
boiler  due  to  the  sulphur  content  of  the  gas 

BOILER  AND  SUPERHEATER 

2  The  boiler  was  built  up  of  one  regular  14-tube  section  and 
above  this,  with  a  space  of  some  11  in.  between  them,  was  placed 
a  10-tube  section.  The  headers  of  the  10-tube  and  14-tube  sec- 
tions were  joined  by  short  nipples,  making  a  24  high  header. 
There  are  21  of  these  sections  containing  a  total  of  504  tubes. 
The  tubes  are  4  in.  in  diameter,  and  18  ft.  long.  There  are  3 
drums  42  in.  in  diameter,  and  24  ft.  long.  The  water  heating 
surface  of  the  boiler  is  10,000  sq.  ft.    Between  the  top  tubes  and 
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the  drums  a  Foster  superheater  is  placed  containing  1750  sq.  ft. 
of  superheating  surface. 

3  The  gases  make  three  passes  through  the  boiler.  The  baf- 
fles are  arranged  to  give  a  gradual  decrease  in  space  through  the 
first  and  second  passes  in  the  direction  of  flow,  which  tends  to 
maintain  the  velocity  of  the  gases  as  the  temperature  decreases. 
The  gases  enter  the  superheater  from  the  top  of  the  first  pass, 
after  traveling  over  24  tubes.  From  the  superheater  they  turn 
downward  through  the  second  pass;  upward  through  the  third 
pass,  and  then  make  their  exit  between  the  downtakes,  and 
through  the  rear  wall  to  the  stack.  The  spaces  between  the 
header,  bolli  fi-oiii  and  rear,  woi'o  ]iaeked  witli  asbestos. 

STOKEI{  AND  FURNACE 

4  The  boiler  is  fii-od  by  a  six-retort  Taylor  stoker,  grate  area 
62.405  sq.  ft.,  not  including  an}'  dump  grate  area.  The  ratio  of 
boiler  heating  surface  to  grate  area  is  160  to  1.  The  ratio  of 
boiler  plus  superheater  surface  to  grate  area  is  188  to  1. 

5  The  height  of  the  combustion  chamber  is  about  6.5  ft.,  and 
the  width  of  the  furnace  12  ft.  7  in.,  which  latter  is  greater  than 
the  width  of  the  stoker  to  allow  for  placing  a  cast-iron  wind  box 
on  either  side  of  the  stoker.  This  is  believed  to  l)e  a  new  feature, 
tried  as  an  experiment.  Previously  there  had  been  trouble  from 
the  formation  of  clinker  on  the  side  walls  with  stokers  of  both 
the  underfeed  and  overfeed  type,  owing  to  some  coals  giving  a 
tough  sticky  clinlcer  which  is  very  troublesome.  With  the  side 
walls  against  the  stoker,  clinker  forms  rapidly,  and  is  difficult  to 
remove.  Setting  back  the  side  walls  lessens  clinker  foi-nuition 
to  some  extent,  and  facilitates  the  removal  of  the  clinker. 

6  A  brick  ledge  between  the  stoker  and  side  wall  is  objec- 
tionable, because  in  time  clinker  will  fasten  to  it  and  it  is  almost 
impossible  to  get  a  bar  between  clinker  and  ledge.  The  cast-iron 
wind  boxes  overcome  the  objections  to  the  brick  ledge  by  chilling 
the  clinker  so  that  it  does  not  stick.  A.  bar  can  always  be  forced 
between  the  clinker  and  wind  box  to  raise  the  clinker.  A 
part  or  all  of  the  air  from  the  blast  fan  is  passed  through  these 
wind  boxes  on  its  way  into  the  stoker.  After  six  months  of  con- 
tinuous service  there  is  no  sign  of  burning  on  the  wind  boxes. 

7  Fig.  1  shows  a  front  and  side  elevation  of  the  unit.  On 
the  side  elevation  the  locations  of  the  pyrometer  rods  and  gas 
sampling  tubes  are  shown.    The  furnace  temperatures  were  taken 
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through  the  three  openings  shown  just  under  the  lower  tubes. 
The  other  gas  temperatures  were  taken  at  positions  1  to  7  in- 
chisive.  The  numbers  on  the  data  sheets  and  charts  of  gas  tem- 
peratures refer  to  these  positions. 

8  The  walls  were  lined  with  9  in.  of  fire  brick  backed  up  by 
9  in.  of  porous  insulating  brick.  The  oviter  surfaces  of  all  walls 
were  painted  with  two  coats  of  boiler  pitch  to  prevent  any  filtra- 
tion of  air  through  the  brick  work.  Against  these  painted 
surfaces  of  the  front  and  side  walls  85  per  cent  magnesia  cover- 
ing 4  in.  thick  was  placed.  The  magnesia  was  held  against  the 
brick  and  protected  by  a  thin  steel  shell.  Asbestos  board  was 
placed  on  the  to])  half  of  the  drums,  then  loose  mineral  wool 
was  placed  over  the  entire  top  of  the  boiler. 

TEST   APPARATUS    AND   DATA 

9  The  tests  Aaried  from  18  to  48  hours  in  length,  although 
most  of  them  were  about  24  hours  long.  The  coal  was  weighed 
in  a  wheelbarrow  on  scales  tested  frequently  for  accuracy.  A 
small  sample  of  coal  was  taken  from  each  wheelbarrow  load 
to  make  up  the  test  sample  for  moisture,  analysis,  and  calorific 
Aalue. 

10  The  feedwater  was  measured  in  a  tank  of  13,000  gal. 
capacity.  All  feedwater  piping  was  under  observation,  and  any 
leaks  were  quickly  discovered.  The  drips  from  the  pump  plun- 
gers were  caught  and  returned  to  the  feed  tank.  The  feedwater 
piping  being  entirely  independent  there  was  no  possibility  of 
the  measured  water  going  anywhere  except  into  the  boiler.  The 
blow-off  piping  was  slip  blanked,  and  the  boiler  blown  down 
only  between  tests.  The  boiler  was  examined  for  leaks  at  fre- 
quent intervals,  and  the  boiler  tubes  were  dusted  every  48  hours 
in  the  intervals  between  tests. 

11  Steam  pressures,  superheated  steam  temperatures,  and 
steam  calorimeter  temperatures  were  taken  by  recording  in- 
struments. 

12  It  was  found  necessary  to  have  some  suction  over  the  fire 
to  prevent  the  escape  of  gas  into  the  boiler  room.  This  suction 
was  kept  as  low  as  possible.  Gas  temperatures  were  taken  at 
seven  different  points  as  given  in  Table  5.  The  seven  pyrometer 
rods  were  wired  to  one  indicating  instrument  so  that,  by  the  use 
of  knife  edge  switches,  the  indication  of  one  rod  after  another 
could  be  taken  in  quick  succession. 
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Fig.  1-a     Longitudinal  Section  of  Boiler 
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Fig.  1-b     FRO^fT  Ei^vation  of  Boiler 
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13  A  high  reading  pyrometer  was  used  for  furnace  tempera- 
tures. There  Avas  considerable  trouble  in  keeping  this  pyrometer 
in  working  order  and  consequently  the  furnace  temperatures  are 
given  for  only  a  few  of  the  tests. 

14  Samples  of  gas  for  analysis  were  taken  in  the  first  pass  at 
the  top  of  the  14th  tube,  and  before  the  breeching.  The  samples 
were  taken  through  six  sampling  tubes  placed  in  the  space  be- 
tween the  boiler  and  back  wall,  and  directly  in  front  of  the  open- 
ing to  the  breeching.  One  tube  was  connected  to  a  CO.,  recorder 
and  the  other  five  were  attached  to  large  sampling  bottles  which 
were  run  continuously.  The  tips  of  the  tubes  were  so  placed 
that  the  samples  taken  through  each  represented  approximately 
equal  volumes  passing  to  the  stack. 

15  The  first  19  tests  were  made  with  mixed  coal,  from  four 
different  mines  all  in  the  same  region.  Tests  Nos.  21  to  40  were 
all  run  on  coal  from  No.  29  mine,  lighter  than  that  used  on 
the  early  tests  and  giving  much  less  clinker  trouble.  It  made 
a  loose  fuel  bed  and  allowed  more  boiler  capacity  with  less  draft 
in  the  stoker.  For  best  combined  efficiency  the  dry  coal  per 
square  foot  of  grate  per  hour  is  about  26  lb.,  or  nearly  270  lb. 
per  retort.  The  quantity  of  coal  burned  per  square  foot  of  grate 
per  hour  was  increased  to  nearly  63  lb.  with  a  decrease  in  com- 
bined efficienc}^  of  5.5  per  cent. 

16  To  determine  the  carbon  in  the  refuse  the  total  refuse 
was  spread  out  upon  a  large  floor,  broken  up,  thoroughly  mixed 
and  quartered.  The  quarter  sample  was  ground,  and  this  ground 
portion  was  in  turn  quartered  to  get  the  sample  for  chemical 
analysis.  The  calorific  values  of  the  coals  Avere  determined  by 
the  oxygen-bomb  calorimeter. 

17  The  radiation  and  unaccounted  for  losses  have  been  cal- 
culated for  those  tests,  for  which  there  were  ultimate  analyses 
of  the  coal.  The  tests  were  made  during  extremely  cold  weather, 
and  there  was  over  the  boiler  only  a  temporary  building  afford- 
ing but  little  protection  from  the  elements ;  the'  boiler  room  tem- 
peratures Avere  so  low  at  times  the  boiler  pressure  gage  piping 
and  the  water  column  blow-off  piping  froze.  In  view  of  these 
facts  and  the  drafty  condition  of  the  boiler  room  the  radiation 
and  unaccounted  for  losses  of  from  5  to  7  per  cent  are  Avorthy 
of  note. 

18  The  theoretical  efficiency  was  calculated  on  the  assumption 
that  the  only  heat  loss  was  that  to  the  stack  when  the  combus- 
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tion  was  complete  without  excess  air,  and  the  temperature  of 
gas  leaving  the  boiler  was  equal  to  the  temperature  of  the  wet 
steam  in  the  boiler.  The  elliciencies  in  Table  1  have  been  calcu- 
lated for  those  tests  for  which  there  were  ultimate  analyses  of 
the  coal. 

19  It  may  be  possible  under  favorable  conditions  to  reduce 
the  radiation  losses  to  2.5  per  cent.  With  thorough  mixing  and 
a  suitable  type  of  combustion  chamber  the  heat  losses  in  the 
gas  may  be  expected  to  be  not  more  than  1.5  per  cent  greater 
than  the  theoretical  gas  loss;  the  maximum  combined  efficiency 
which  may  be  attained  under  these  most  favorable  conditions 
is  about  85  per  cent. 

TABLE   1     THEORETICAL  EFFICIENCIES 


No.  of  Testa 

Theoretical 
Efficiency,  Per  Cent 

Combined 
Efficiency,  Per  Cent 

Gain  in  Efficiency 

necessary  to  attain 

Theoretical  Efficiency 

8 

90.10 

79.60 

10.50 

11 

90.15 

78.14 

12.01 

16 

90.05 

76.18 

13.87 

18 

89.95 

75.20 

14.75 

25 

89.52 

75.79 

13.73 

35 

89.90 

78.33 

11.57 

39 

89.85 

78.65 

11.20 

SUMMARY   OF   RESULTS 

20  The  best  combined  efficiencies  are  obtained  with  56  to  66 
per  cent  of  the  boiler  rating.  The  efficiencies  fall  off  slowly 
as  the  quantity  of  steam  generated  is  increased.  The  extreme 
variation  in  efficiency  shown  by  the  individual  tests  is  from 
75.2  to  81.3  per  cent. 

21  The  gain  in  efficiency  due  to  the  superheater  seems  to  bear 
no  definite  relation  to  the  amount  of  moisture  in  the  steam 
entering  the  superheater.  By  gain  in  efficiency  due  to  super- 
heater is  meant  the  heat  absorbed  by  the  superheater  in  per- 
centage of  the  total  heat  in  the  coal.  The  superheat  shows  a 
general  tendency  upward  with  the  increase  in  boiler  rating.  For 
60  per  cent  of  the  boiler  rating  the  superheat  is  about  36  deg. 
fahr.j  and  for  120  per  cent  rating  about  74  deg.  fahr.  At  60 
per  cent  rating  the  weight  of  steam  passing  through  the  super- 
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heat  is  18,000  lb.  per  hour,  the  amount  for  which  the  super- 
heater was  built.  The  pressure  drop  through  the  superheater 
for  its  rated  quantity  of  steam  is  5  lb. ;  at  120  per  cent  boiler  rat- 
ing the  weight  of  steam  passing  through  the  superheater  is 
double  that  for  Avhich  the  superheater  was  designed,  and  the 
pressure  drop  through  superheater  is  28  lb. 

22  At  the  low  boiler  ratings  the  last  pass  of  the  boiler,  and 
in  fact  the  last  two  passes,  are  of  very  little  use.  The  best 
combined  efficiencies  were  obtained  when  running  between  56 
and  66  per  cent  of  boiler  rating.  At  these  low  ratings  the  drop 
in  gas  temperature  through  the  second  and  third  passes  alto- 
gether is  about  20  deg.  fahr.,  and  the  heat  absorbed  is  very 
small,  about  1.3  per  cent  of  the  total.  These  two  passes  have 
50  per  cent  of  the  boiler  heating  surface.  If  the  second  and 
third  passes  were  dropped  off  entirely,  the  loss  in  combined  effi- 
ciency would  be  about  1  per  cent  at  the  low  rating.  It  is  only 
Avhen  the  boiler  has  reached  75  per  cent  rating  or  more  that 
the  gain  in  economy  in  the  last  two  passes  is  sufficient  to  give  a 
reasonable  return  upon  the  investment  in  heating  surface.  While 
the  exit  gas  temperatures  were  reduced  almost  to  the  lowest 
theoretical  limit  which  can  be  reached  without  the  use  of  an 
economizer,  it  was  done  at  a  large  expenditure  in  heating 
surface. 

23  "When  running  at  about  50  per  cent  of  boiler  rating  the 
temperature  of  the  gases  leaving  the  boiler  is  practically  that 
of  the  steam  in  the  boiler.  As  the  capacity  is  increased  the 
difference  between  the  temperature  of  the  gases  leaving  the  boiler 
and  the  temperature  of  the  steam  in  the  boiler  increases.  The 
increase  in  the  difference  between  these  two  temperatures  seems 
to  be  approximately  in  the  same  ratio  as  the  increase  in  capacity, 
so  that  for  an  increase  from  50  to  100  per  cent  of  the  boiler 
rating  the  difference  in  temperature  between  exit  gases  and 
steam  increases  about  50  deg.  fahr. 

24  An  examination  of  the  boiler  after  more  than  six  months' 
service  showed  no  evidence  of  pitting  of  the  heating  surface 
of  the  last  pass  due  to  the  sulphur  content  of  the  coal  and  low 
exit  gas  temperature. 


APPENDIX 

RATING    VS.     COMBINED    EFFICIENCY 

25  Fig.  2,  showing  the  relation  between  boiler  rating  and  combined 
etiiciency,  indicates  that  the  efliciency  decreases  slowly  as  the  steam  gen- 
erated is  increased.  The  line  shows  an  efficiency  of  SO  per  cent  at  50  per 
cent  of  rating,  and  an  efficiency  of  73.5  per  cent  at  150  per  cent  rating,  or  a 
decrease  of  6.5  per  cent  in  the  combined  efficiency  for  an  increase  of  100 
per  cent  in  rating.  This  decrease  in  efficiency  with  an  increase  in  rating 
seems  to  be  due  primarily  to  the  temperature  of  the  gases  leaving  the 
boiler. 

EFFICIENCY    AND    BATING    VS.    TEMPERATURE    OF    GASES    LEAVING    BOILER 

26  It  may  be  seen  from  Fig.  2  that  the  temperature  of  the  gases  leav- 
ing the  boiler  goes  up  with  the  rating;  the  increase  being  about  1  deg. 
fahr.  for  1  per  cent  rating.  On  the  other  hand  an  increase  in  the  exit  gas 
temperature  gives  a  decrease  in  the  efficiency.  As  an  increase  in  exit  gas 
temperature  gives  an  increased  rating  and  a  decreased  efficiency  it  follows 
that  the  efficiency  will  fall  off  as  the  rating  increases. 

27  The  snperheat-rating  curve  shows  that  the  superheat  has  a  general 
tendency  upward  with  the  rating. 

28  The  line  for  rating  coal  per  retort  per  hour  shows  that  the  coal  con- 
sumption increases  at  a  more  rapid  rate  tlian  the  steam  generated, 

GAS    TEMPERATURES 

29  The  gas  temperatures  throughout  the  boiler  from  furnace  to  breecli- 
ing,  and  the  percentages  of  total  heating  surface  (boiler  plus  superheater) 
between  the  several  pyrometer  positions  are  given  in  the  tables,  and  have 
been  plotted  also.  While  these  percentages  vary  irregularly,  and  seem  de- 
cidedly freakish  in  individual  cases,  the  general  tendency  is  to  show  a 
decrease  in  the  percentage  of  heat  absorption  in  the  first  pass  with  an  in- 
crease in  boiler  rating.  In  the  second  and  third  passes  the  opposite  condi- 
tion prevails,  the  percentage  of  heat  absorption  increasing  with  boiler 
rating. 

30  A  study  of  the  gas  temperature  data  will  explain  these  conditions. 
At  the  low  boiler  rating  the  gas  temperatures  are  so  low  by  the  time  the 
gases  reach  the  second  pass  that  the  rate  of  absorption  is  low  and  the 
percentage  small.  In  general  the  temperature  of  the  gas  entering  the  sec- 
ond pass  increases  with  the  boiler  rating ;  this  increases  the  rate  of  heat  ab- 
sorption, and  gives  to  this  portion  of  the  boiler  a  greater  proportion  of  the 
total  work. 
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TABLE  2      1000-H.P.  BOILER,  RESUMfi  OF  PRINCIPAL  RESULTS 
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3 
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361 

9.39 

13.91 
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80.76 
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14499 
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7 
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4.69 

14515 

11.764 
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4.75 

40 

53.72 
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9.43 

5.09 

14378 

11.675 

97.93 

Tests  1-19  inclusive  with  mixed  coal  from  mines  Nos.  24,  25,  27  and  29. 
Tests  21-40  inclusive  with  coal  from  No.  29  mine  only. 
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147G      TESTS    OP   A    1000-11. P.    24   tubes    high    B.    &    W.    BOILER 


TABLE  6      1000-H.P.  BOILER,  GAS  ANALYSIS 


Analysis 

OF  Gas  in  First  Pass. 

An.vlysis  of  Gas  before 

Breeching. 

Top  of  14th  Tube 

Gas 

Leaving  Boiler 

Test  No. 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

CO2 

0 

CO 

CO2 

0 

CO 

1 

11.70 

5.42 

0.160 

10.32 

7.44 

0.035 

3 

10.70 

6.60 

0.166 

No  record 

4 

10.22 

5.35 

0.040 

10.10 

Machine  record 

5 

10.47 

5.83 

0.070 

9.39 

Machine  record 

6 

10.15 

7.25 

0.050 

9.00 

Machine  record 

7 

10.30 

7.53 

0.000 

9.00 

Machine  record 

8 

10.64 

7.54 

0.064 

10.38 

8.17 

0.030 

9 

10.62 

7.88 

0.000 

10.16 

8.41 

0.025 

10 

11.08 

7.85 

0.058 

10.02 

8.60 

0.000 

11 

10.90 

7.66 

0  030 

10.30 

Machine- 

12 

12.13 

6.37 

0.040 

11.20 

Machine 

13 

12.28 

4.98 

0.250 

10.50 

Machine 

14 

12.09 

6.34 

0.070 

10.59 

7.97 

0.012 

15 

12.21 

6.05 

0.020 

10.44 

8.00 

0.002 

16 

11.75 

6.42 

0.000 

10.54 

8.06 

0.057 

17 

12.02 

6.29 

0.100 

10.68 

7.73 

0.046 

18 

11.42 

7.40 

0.020 

10.22 

8.52 

0,004 

19 

12.19 

5.94 

0.067 

10.77 

7.86 

0.022 

21 

11.89 

6.69 

0.000 

10.75 

8.22 

0.000 

22 

12.59 

6.13 

0.071 

10.89 

7.87 

0.059 

23 

11.40 

7.31 

0.057 

10.15 

8.44 

0.029 

24 

11.91 

6.61 

0.022 

10.00 

8.47 

0,000 

25 

13.70 

4.30 

0.016 

11.66 

6.03 

0.0098 

26 

13.35 

4.60 

0.025 

11.35 

6.78 

0,000 

27 

11.67 

7.00 

0.000 

10.17 

8.30 

0.000 

29 

11.07 

7.63 

0.000 

10.01 

8.65 

0.000 

30 

11.43 

7.07 

0.033 

9.84 

8.83 

0.011 

33 

10.12 

8.68 

0.000 

9.24 

9.56 

0.000 

34 

9.91 

8.99 

0.090 

9.31 

9.44 

0,026 

35 

10.81 

7.84 

0.000 

9.39 

9.45 

0,000 

37 

10.60 

8.12 

0.000 

9.42 

9.15 

0,000 

39 

10.39 

8.22 

0.000 

8.84 

9.83 

0,000 

40 

10,69 

7.96 

0.000 

9.43 

9.43 

0.000 

Testa  1-19  inclusive  with  mixed  coals  from  mines  No.  24,  25,  27  and  29. 
Tests  21-40  inclusive  with  coal  from  No.  29  mine  only. 
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TABLE  7     1000-H.P.  BOILER.     COAL  ANALYSIS.     PERCENTAGES  BY  WEIGHT 
CALORIFIC  VALUES 


Proximate  Analysis 
Dry  Coal 

o 
Q 

■§£ 

1 

Q 

i-l 
a_ 

3  o 

h 

o 
O 

^^ 

m 

a 

6 

03 

s 

> 

a 

O 
K 

E 

< 

a 

1 

28.99 

62.00 

9.01 

2.88 

15.49 

14334 

15987 

2.59 

3 

29.50 

62.53 

7.97 

3.20 

10.30 

14541 

16031 

2.94 

4 

29.97 

62.53 

7.50 

3.26 

10.09 

14517 

15894 

2.40 

5 

29.74 

62.51 

7.75 

3.04 

13.91 

14498 

15926 

2.62 

6 

28.18 

63.90 

7.92 

2.97 

8.64 

14499 

15922 

1.83 

7 

28.86 

63.31 

7.83 

3.78 

1.44 

14526 

15945 

1.92 

8 

28.85 

63.39 

7.76 

4.29 

3.90 

14493 

15913 

2.49 

9 

29.22 

62.97 

7.81 

2.97 

3.39 

14445 

15881 

2.57 

10 

29.24 

61.76 

9.00 

2.60 

9.69 

14289 

15922 

2.57 

11 

29.63 

63.29 

7.08 

2.95 

10.93 

14624 

15922 

2.44 

12 

29.22 

62.76 

8.02 

2.97 

17.91 

14454 

15910 

2.24 

13 

29.70 

62.03 

8.27 

3.29 

18  08 

14396 

15922 

3.03 

14 

29.78 

62.98 

7.24 

2.80 

14.75 

14602 

15922 

2.20 

15 

29.98 

62.35 

7.67 

3.11 

23.79 

14467 

15869 

2.32 

16 

29.79 

63.00 

7.21 

3.41 

23.52 

14590 

15922 

2.15 

17 

30.20 

63.00 

6.80 

3.74 

21.10 

14618 

15860 

2.07 

18 

29.42 

63.37 

7.21 

3.40 

20.05 

14645 

15971 

2.29 

19 

30.57 

62.34 

7.09 

3.15 

24.50 

14471 

15761 

2.31 

21 

28.40 

64.13 

7.47 

3.60 

28.73 

14518 

15864 

1.77 

22 

28.36 

63.75 

7.89 

4.10 

21.48 

14462 

15883 

1.83 

23 

28.31 

62.65 

9.04 

4.90 

17.80 

14263 

15885 

1.95 

24 

28.40 

64.05 

7.55 

3.99 

25.76 

14522 

15883 

1.90 

25 

28.15 

63.76 

8.09 

3.77 

30.68 

14415 

15858 

1.56 

26 

28.30 

62.70 

9.00 

4.15 

29.18 

14290 

15903 

1.83 

27 

27.86 

63.20 

8.94 

4.27 

14.94 

14284 

15883 

1.88 

29 

28.12 

62.78 

9.10 

4.73 

14.37 

14254 

15885 

2.06 

30 

28.20 

63.45 

8.35 

3.76 

16.23 

14430 

15947 

2.18 

33 

28.56 

63.06 

8.38 

3.70 

20.14 

14380 

15883 

1.94 

34 

28.27 

63.21 

8.52 

4.30 

7.99 

14376 

15915 

2.08 

35 

28.66 

63.40 

7.94 

4.68 

7.07 

14455 

15883 

1.91 

37 

28.11 

63.73 

8.16 

4.61 

7.59 

14409 

15871 

1.79 

39 

28.92 

63.57 

7.51 

4.12 

4.69 

14515 

15883 

2.16 

40 

29.27 

62.51 

8.22 

4.23 

5.09 

14378 

15874 

2.35 

Tests  1-19  inclusive  with  mixed  coals  from  mines  No.  24,  25,  27  and  29. 
Teats  21-40  inclusive  with  coal  from  No.  29  mine  only. 


THE    V-NOTCH   WEIR   METHOD    OF 
MEASUREMENT 

By  D.  Robert  Yarnall 
ABSTRACT  OF  PAPER 

This  paper  explains  tlie  V-notcli  weir  method  of  uieasuremeut  and  a  con- 
venient form  of  apparatus,  the  Lea  recorder,  which  can  he  used  for  record- 
ing graphically  and  continuously  and  with  a  high  degree  of  accuracy  rates 
of  flow  over  V-notches  and  other  weirs.  It  is  shown  why  the  Y-notch  is 
the  most  accurate  and  convenient  form  of  weir  for  general  testing  purposes. 

The  paper  also  gives  details  of  tests  made  with  the  apparatus  measuring 
hot  boiler  feedwater  at  the  Dartmouth  College  power  plant  during  both 
winter  and  summer  load  conditions.  The  results  of  these  tests  show  the 
great  accuracy  of  the  V-notch  at  low  rates  of  flow  as  well  as  high. 

Results  of  additional  tests  recently  made  in  Philadelphia  and  near  New 
York  are  given  which  together  with  the  Dartmouth  College  tests  show  that 
the  V-notch  method  of  measurement  gives  results  at  high,  intermediate  and 
low  rates  of  flow  which  can  be  relied  upon  to  within  one  per  cent. 
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THE   V-NOTCH   WEIR   METHOD   OF   MEAS- 
UREMENT 

By  D.  Robert  Yarnaix,  Philadelphia,  Pa. 
Member  of  the  Society 

Attempts  to  measure  accurately  and  to  record  automatical!} 
the  flow  of  water  through  pipes  or  channels  have  been  made 
from  time  to  time  with  varjdng  results  as  to  accuracy  and  con- 
venience. This  paper  will  attempt  to  show  results  obtained  by 
the  simple  and  practical  V-notch  method  of  measurement,  which 
though  not  new,  seems  now  to  be  meeting  with  marked  success, 
both  abroad  and  in  America,  in  power  plant  measuring  problems. 

2  Two  tests  of  the  accuracy  of  this  method  of  measurement 
have  recently  been  made  in  America  and  the  data  collected  are 
here  presented  to  show  the  degree  of  accuracy  attainable. 

3  The  instrument  employed  in  the  tests  is  the  Lea  V-notch 
recorder  of  which  a  description  follows: 

4  This  apparatus  depends  on  the  laws  governing  the  flow  of 
water  through  weirs,  which  laws  have  been  found  to  work  with 
extraordinary  accuracy.  It  is  only  comparatively  recently,  how- 
ever, that  they  have  been  turned  to  account  in  measuring  widely 
varying  rates  of  flow,  both  hot  and  cold,  met  with  in  power  plants. 

5  The  most  common  form  of  weirs  is  the  plain  horizontal  sill 
and  the  sharp  edge  rectangular  notch.  The  former  of  these  has 
the  full  width  of  the  stream  or  channel  and  is  without  end  con- 
traction, the  formula  used  in  connection  with  it  being  that  of 
Francis 

where 


cubic  feet  per  second  =^  3.33  LH  V   H 


L  =  the  width  of  the  weir  in  feet. 

H  =  the  head  of  water  passing  over  it  in  feet. 


The  American  Society  of  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  papers  are  subject  to  revision. 
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i)  The  second  weir  is  a  sharp  edge  rectaiigidar  notch  of  less 
width  than  the  channel  or  stream  and  therefore  has  end  contrac- 
tion.   The  formula  used  in  this  is 

cubic  feet  per  second  =  3.33  LI/   yl  IJ  X  C 
where 

L  and  H  are  the  same  as  before. 

C  =  a  constant  which  depends  on  the  ratio  of  the  width 
of  the  weir  to  the  width  of  the  channel. 
7     Although  these  two  formulae  give  a  fair  degree  of  accu- 
racy   there    is    another    case    in    which    the    accuracy    is    much 
greater  and  approaches  very  nearly  100  per  cent.      This  is  the 

TABLE   1      FLOW  THROUGH  90-DEG.  V-NOTCH  WEIRS 


Depth  in  Notch,  In. 

Flow  per  Hour,  Lb. 

Depth  in  Notch,  In. 

Flow  per  Hour,  Lb. 

1 

1.140 

9 

277,960 

2 

6.480 

-10 

361,740 

3 

17.830 

11 

459,030 

4 

36.610 

12 

568,720 

5 

63.940 

13 

694,710 

6 

100.860 

14 

836,110 

7 

148.290 

16 

993,510 

8 

207 . 060 

sharp  edge   V-notch  of  Prof.  James  Thomson,  the   formula   of 
which  is 

cubic  feet  per  minute  —  0.305  H-  yj H 


where 

//  —  the  height  of  the  nolcli  in  inches,  the  angle  of  the 
notch  being  90  deg. 

8  Table  1  gives  the  flow  of  water  through  90-deg.  V-notches 
for  each  inch  of  head,  up  to  and  including  15  in.,  calculated  by 
Thomson's  formula. 

9  The  section  of  the  flow  through  the  V-notch  is  at  all  times 
the  same  shape,  though  the  area  may  vary,  and  this  constancy 
of  form  tends  to  simplify  the  formula  and  make  it  accurate. 
This  form  of  notch  is  also  especially  adapted  for  measuring 
smaller  quantities  of  water  than  the  rectangular  weirs,  as  shown 
by  the  curves  in  Fig.  1  which  give  a  comparison  of  the  accuracy 
of  the  different  types  of  weirs  at  different  rates  of  flow.  Another 
property  of  the  notch  is  that  its  angle  may  be  less  than  90  deg. 


D.    ROBERT   YARN ALL 


1483 


without  impairing  its  eificiency,  which  enables  it  to  be  used  to 
measure  very  small  quantities  of  water. 

10  It  was  for  these  reasons,  as  well  as  for  its  accuracy,  thai 
the  V-notch  was  adopted  for  use  in  connection  with  the  Lea 
recorder.  A  sectional  view  of  the  apparatus  is  shown  in  Fig.  2. 
It  will  be  seen  that  a  float  spindle,  rigidly  attached  to  a  float 


V- Notch 


Fig.   1 


Weir  Inverted  Notch     Circular  Orifice 
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which  rides  on  the  surface  of  the  water  flowing  over  the  V-notch, 
passes  up  through  the  bottom  of  the  instrument  case.  A  rack 
on  this  spindle  gears  into  a  small  pinion  upon  the  axis  of  a  drum 
revolving  between  centers. 

11  Upon  the  body  of  the  drum  is  a  screw  thread,  Fig.  3,  the 
contour  of  which  is  the  "  curve  of  flow  "  for  the  V-notch  in  con- 
nection with  which  the  recorder  i's  used,  and  as  the  flow  through 
the  notch  increases  rapidly  with  the  depth,  the  pitch  of  the  screw 
increases  in  the  same  proportion.  Above  this  drum  is  a  horizontal 
slider  bar,  supported  on  small  pivoted  rollers  and  carrying  an 
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arm,  at  the  upper  end  of  which  is  a  pen  or  pencil  point  in  con- 
tact with  a  paper  chart  upon  a  clock  driven  recording  drum, 
which  revolves  once  in  24  hours  (Fig.  4),  As  the  float  rises  or 
falls  the  drum  spiral  is  rotated,  and  its  motion  is  imparted  to 
the  slider  bar  and  pen  arm  bj^  means  of  a  saddle  arm  projecting 
from  the  latter  and  engaging  at  its  lower  end  with  the  screw 


Fig.  2     Sectional  View  of  Apparatus  used  in  Tests 


thread.  On  the  body  of  the  spiral  drum  is  a  graduated  scale 
adjacent  to  the  screw  thread  and  computed  in  pounds  per  hour. 
It  is  thus  seen  that  the  drum  serves  the  double  purpose  of  rectify- 
ing the  motion  of  the  pen  so  that  it  moves  equal  distances  for 
equal  increments  in  the  rate  of  flow ;  and  of  providing  a  magnified 
scale  for  making  an  accurate  olitservation  of  the  rate  of  flow  at 
any  moment. 

12     The  apparatus  has  the  following  advantages: 
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a     It  is  simple  and  hence  dependable. 

h     Its  operation  is  continuous. 

c  There  are  no  moving  parts  in  contact  with  the  flow 
except  the  float,  which  is  in  a  chamber  by  itself  and 
not  in  the  path  of  the  flow. 

d  Collections  of  sediment  and  deposits  of  scale  do  not 
affect  the  accuracy. 

e  Owing  to  change  of  density  of  the  liquid  being  meas- 
ured due  to  changes  in  temperature,  the  float  which 
actuates  the  recorder  is  immersed  more  or  less,  de- 


FiG.  3     Detail  of  Recorder  Drum  showing  Graduated  Curve  of  Flow 

pending  upon  this  change  of  density,  and  the  recorder 
and  the  float  are  so  constructed  that  they  compensate 
automatically  for  these  changes  in  temperature  over 
a  wide  range. 
/     By  making  the  tank  of  ample  proportions  a  consider- 
able interval  of  time  takes  place  between  changes  in 
the  head  on  the  weir,  so  that  the  recording  apparatus 
has  a  chance  to  adjust  itself  to  changes  in  the  rate  of 
flow,  thus  giving  a  chart  very  easy  to  measure  with 
the  planimeter. 
g     It  is  always  placed  on  suction  side  of  pump,  hence  it 
is  available  at  all  times  for  inspection,  cleaning  and 
repairs. 
13     Like  the  Venturi  meter  and  the  Pitot  tube,  the  V-notch 
recorder  is  a  continuous  flow  meter,  but  unlike  these  it  is  not 
dependent  for  its  accuracy  on  velocity  changes,  and  hence  its 
record  is  not  subject  to  the  fluctuations  due  to  the  sudden  changes 
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of  velocity  head  when  these  meters  are  in  service,  measuring 
rapidly  changing  rates  of  flow. 

14  Perhaps  the  greatest  advantage  of  this  method  of  measure- 
ment is  found  in  the  way  by  which  it  may  be  checked  independ- 
ently of  the  recording  mechanism.  The  operator  may  construct 
alongside  of  his  recorder  an  independent  "  hook  "  gage  or  use 
the  graduated  vertical  scale  and  pointer  on  the  extended  float 


Fig.  4     Detail  of  Recorder 


rod  in  the  instrument,  and  can  observe  from  time  to  time  the 
number  of  inches  head  on  the  weir.  By  substituting  these  values 
in  Thomson's  formula  in  Par.  7,  the  rates  of  flow  as  shown  on  the 
recorder  chart  may  be  checked  quickly  and  accurately.  Thus 
the  operator  need  not  depend  upon  the  recorded  result  until  he 
is  sure  that  it  agrees  with  the  figured  result  from  his  hook 
gage  readings.  The  author  believes,  therefore,  that  the  V-notch 
with  its  tank  is  the  most  satisfactory  testing  set  that  could  be 
devised  for  measuring  large  and  small  rates  of  flow,  hot  and  cold, 
as  well  as  fluctuating  or  uniform  conditions  of  flow. 
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15  For  results  the  following  reports  of  tests  are  given,  and 
as  clearly  as  possible  the  actual  test  conditions  which  prevailed 
explained. 

16  With  a  view  to  checking  the  accuracy  of  this  apparatus 
and  the  V-notch  for  the  measurement  of  boiler  feedwater  a  series 
of  tests  were  made  at  the  Dartmouth  College  power  plant,  at 
both  winter  load  and  summer  load.    These  tests  were  conducted 


Fig.  5    Arrangement  of  Testing  Apparatus  for  the  Dartmouth  College 

Test 


by  the  engineers  for  the  college,  Messrs.  R.  D.  Kimball  Company, 
through  their  representative  J.  H.  Browne,  assisted  by  the  writer. 

DARTMOUTH    COLLEGE    AVINTER    TEST 

17  Fig.  5  is  from  a  photograph  of  the  testing  apparatus  and 
meter.  On  the  right-hand  side  is  a  large  wooden  tank  divided 
into  two  parts  by  a  vertical  partition.  The  size  of  this  tank  was 
54%  in.  deep  by  541/4  in.  wide  by  one  section  59Yi,.  in.  long 
and  the  other  section  59%  in.  long,  inside  measurements.    To  the 
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left  is  the  cast-iron  V-notcli  tank  and  mounted  above  is  the  record- 
ing apparatus.  The  inlet  of  the  meter  is  controlled  by  a  6-in. 
balanced  float  valve  operated  by  a  float  riding  on  the  surface 
of  the  storage  section  of  the  notch  tank  below  the  weir,  so  as  to 
prevent  flooding  in  the  event  of  the  feed  pmnp  slowing  down 
or  stopping  (Fig.  2). 

18  The  return  water  from  all  of  the  buildings  of  Dartmouth 
College  is  collected  in  the  receiver  shown  at  the  left  of  the  meter 
tank.  The  make-up  water  also  enters  this  receiver,  which  is  under 
about  5  lb.  back  pressure.  The  4  in.  line  discharges  from  this 
receiver  into  either  one  of  the  sections  of  the  wooden  measuring 
tanks,  the  water  flowing  by  gravity  from  this  tank  through  the 
meter  to  the  feed  pump  and  is  thence  pumped  into  the  boilers  in 
the  adjoining  boiler  plant. 

19  The  two  sections  of  the  wooden  tank  were  provided  with 
independent  vertical  glass  columns  %  ^^-  ^^^  diameter.  Just  back 
of  and  touching  each  glass  colmnn  was  provided  a  scale  gradu- 
ated in  IGths  of  an  inch.  The  two  tanks  were  carefully  cali- 
brated b}'  actually  weighing  the  value  of  1  in.  in  height  of  the 
water  in  the  tank  at  a  given  temperature,  this  value  being  inde- 
pendently computed  as  noted  in  the  tables.  It  was  found  during 
the  test  that  the  meniscus  of  the  column  at  the  upper  and  lower 
reading  could  be  read  with  great  accuracy  because  of  the  careful 
construction  of  the  column  and  the  graduation  of  the  scale. 

20  It  is  to  be  noted  that  this  test  was  made  at  the  normal  run- 
ning load  and  took  care  of  all  of  the  natural  fluctuations  in  the 
returns  from  the  heating  system.  The  test  was  conducted  when 
the  outside  temperature  was  only  slightly  above  zero  most  of  the 
time,  hence  the  heating  system  was  being  taxed  to  its  utmost. 

21  The  test  was  run  under  exact  working  conditions  of  the 
plant  at  heavy  load,  which  fluctuated  badly  (Fig.  6A).  These 
fluctuations  in  the  load  were  caused  by  poor  control  of  the  return 
water  from  the  new  gymnasium  which  was  at  a  lower  elevation 
than  the  power  plant  and  the  accumulated  returns  from  the 
heating  system  were  intermittently  pumped  up  into  the  power 
plant  by  a  float  controlled  motor  driven  pump.  Only  very  small 
water  storage  was  provided  in  the  receiver,  hence  the  fluctuating 
boiler  feed  conditions  shown;  under  these  conditions  the  results 
of  the  test  are  remarkablv  accurate. 
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TABLE  2    TEST  OF  V-NOTCH  RECORDER  AT  DARTMOUTH  COLLEGE, 
MARCH  23,   1912 


Aank  No.  zAank  No. 

/ 

T 

/ 

+ 

1 

A  -  B  =  C 

A'  -  B'  =  C  Correct  Quantity   =S  (C  +  C) 


Meter  Capacity,  50,000  Lb.  per  Hr.;    6-In.  Recorder;   90°  V-Notch  6  In.  Deep 


Tank 

No.  1 

Tank 

No.  2 

Tempera- 

Time 

A 

B 

A-B 

A' 

B' 

A'-B' 

ture, 
Deg.  Fahr. 

9.00 

37A 

■7% 

29A 

42% 

5 

37% 

164 

9.22 

423-^ 

i% 

Z&% 

341^ 

3 

31% 

9.41 

32% 

SH 

29M 

39% 

2% 

37% 

180 

"       9.50 

4U^ 

3M 

37K 

42M 

8M 

34 

10.15 

43K 

7% 

36M 

43% 

3% 

39M 

ISO 

10.40 

42 

2H 

39M 

39-% 

4% 

35% 

11.06 

40M 

2 

38M 

423^ 

3% 

39% 

170 

11.40 

44 

3K 

401^ 

44 

7% 

36M 

12.00 

43  H 

3 

40J^ 

43M 

3 

40% 

100 

12.27 

44 

5ys 

38^ 

44% 

2% 

42% 

1.00 

44 

2 

42 

44 

IH 

43% 

195 

1.25 

44^ 

2H 

421^ 

44M 

2% 

42% 

1.50 

46M 

m 

41J^ 

44% 

2% 

41% 

195 

2.15 

43. 

2M 

40M 

44 

% 

43% 

2.52 

39?^ 

SVs 

38 

43% 

2H 

41% 

194 

3.25 

44 

IVs 

43% 

41% 

3% 

37% 

190 

4.00 


Total.. 


.615A   in. 
615.18  in. 


Total . 


621%  in. 
621.87  in. 


Tank  calibration  by  actual  weight  at  175  deg.  fahr. : 

In  tank  No.  2,  1  in.  =  117.0  lb. 
In  tank  No.  1,  1  in.  =  115. 2  lb. 
615.16  X  117.0=    71976 
621.87  X  115.2=    71640 

Total 143616 

Error  due  to  tank  leakage       225 


From  planimeter  measurement  of  chai't  (see  Fig.  6A) 

Quantity,  lb.  =Area  X  Constant 
4.04  X  36312  =  146700.48 

Correction  for  zero  adjustment  of  recorder 1,162 


Recorder  error  (high)       = 
Recorder  error,  per  cent  = 


143841 


145538 


1697 
1.18 
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DARTMOXTTTI  COLLEGE  SUMMER  TEST 

22  The  second  test  was  made  in  the  summer  to  check  accu- 
rately the  cLaim  that  the  meter  is  as  accurate  at  low  rates 
of  flow  as  at  high.  Table  3  substantiates  this  claim  as  the  ac- 
curacy was  even  greater  (0.55  per  cent)  than  that  at  the  Avinter 
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Fig.  6    Recording  Charts 

load.  This  due  to  the  more  even  rate  of  flow  (see  low  reading) 
which  in  turn  is  due  to  the  gymnasium  heating  system  not  being 
in  service. 


TESTS   ON    V-NOTCH    METER   IN    PHILADELPHIA,   AUGUST  9,   1912 

23     Figs.  7  and  8  show  the  arrangements  for  another  test  con- 
ducted recently  in  exactly  the  same  way  as  the  tests  at  Dartmouth 
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College  except  ihal  the  water  w  a.s  nioii.siired  on  the  discharfic 
side  of  weir  instead  of  the  intake  side.  In  this  test,  however,  tht' 
water  being  measured  was  at  7;')  deg.  while  the  Dartmouth  tests 
were  run  at  an  average  of  190  deg.  fahr. 

24  The  V-notch  met  or  was  mounted  for  convenience  on  a 
platform  car  on  the  coal  siding  shown  in  Fig.  8.  The  car 
(hn-ing_    the    test    was    rigidly    jacked    to    prevent    vibration. 

TABLE  3    TEST  OF  V-NOTCH  RECORDER  AT  DARTMOUTH  COLLEGE,   AUGUST 

2,  1912 


T.^NK    No.    1 

Tank  No.  2 

Time 

Full, 
In. 

Empty, 
In." 

Weight 

Time 

Full, 
In. 

Empty, 
In. 

Weight 

10.52 
11.47 
1.03 
2.55 
4.55 
7.15 

32.0 

40.0 
34.5 
41.25 
40.25 

1.68 

0.875 

2.00 

9.125 

7.06 

3502 . 3 
4520.8 
3655.4 
3712.0 
3880.8 

9.43 
11.41 
2.03 
3.54 
6.00 
8.00 

44.81 
32.44 
33.81 
.     41.50 
45.31 
41.38 

6.50 
7.81 
1.75 
1.63 
1.19 
29.87 

4495.3 
2890.0 
3761.9 
4680.1 
5177.0 
1349.4 

Total 19271.3 


Total . 


22353 . 7 
19271.3 
41625.0 


Chart  area  =0.570 

Constant     =36312.   lb.  per  sq.  in. 

Product       =20697.84 

As  90  V-notch  is  used  multiply  by  2  as  drum  is  cut  for  §  90 41395 . 7 

Error 2.293 

Result 0.55% 

Below  the  notch  tank  are  shown  two  large  cast-iron 
tanks,  made  of  sectional  plates  10  ft.  8  in.  long  by 
8  ft.  wide  by  6  ft.  2  in.  high,  inside  dimensions.  The  water 
from  the  meter  could  be  discharged  into  either  one  of  these 
measuring  tanks  by  throwing  over  a  tipple  Avithout  interrupting 
the  flow.  These  measuring  tanks  were  provided  with  carefully 
constructed  glass  w^ater  columns  with  accurately  graduated  scales 
back  of  the  glass.  Baffle  plates  were  constructed  within  the 
measuring  tanks  to  prevent  wave  motion  and  resulting  fluctua- 
tions in  the  water  columns.  Below  the  measuring  tanks  is  shown 
tlie  large  storage  supply  tank  22  ft.  long  by  8  ft.  wide  by  6  ft.  2  in. 
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high,  also  built  of  cast-iron  sectional  plates,  into  which  the  upper 
tanks  were  in  turn  drained.  The  measuring  tanks  were  very 
accurately  calibrated  by  weighing  on  a  corrected  scale  a  unit 
charge  of  100  lb.,  marking  the  scale  through  a  certain  range  near 
the  top  and  bottom  of  the  tank  for  each  unit  charge  of  100  lb. 
25     The  test  as  will  be  'observed  was  run  at  approximately 


Fig.  7     Abeangemknt  of  Testing  Ai'pakatus  fok  Philadelphia  Test 


the  rate  of  300,000  lb.  per  hr.  This  was  the  maximum  capacity 
of  the  recorder  under  test.  A  chart  record  was  obtained  during 
the  test  which  was  measured  carefully  in  order  to  get  the 
quantity  for  comparison  with  the  quantity  measured  in  the  tanks 
below  the  weir  tank.  The  recorder  had  a  drum  with  a  curve  of 
flow  for  use  at  a  temperature  of  212  deg.  As  the  water  during 
the  test  was  73  deg.  it  was  necessary  to  make  a  correction  for 
this  large  difference  in  temperature.  This  correction  has  been 
applied  in  the  data  of  the  test  as  will  be  noted.  Correction  is 
also  made  for  inaccuracy  of  scale  as  found  by  calibration. 
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Duration  of  test  =  1 :  57 .  SC      =  1 .  9643  hour. 

By  scaling  chart  =  1 . 09375  in.  =  1 . 9643  hour. 

Hence  recorder  clock  driving  chart  is  correct. 

1 . 9643 

Then  1  in.  of  chart  = =  1.796  hours. 

1.09375 

By  scaling  chart  (vertically)  2.5  in.  =300,000  lb.  per  hr. 

Therefore  1  in.     =120,000  lb.  per  hr. 

Therefore  1.796  X  120,000=215520  lb.=l  sq.  in.  in  Fig.  6C. 


Fig.  8    Arrangement  of  Testing  Apparatus  for  Philadelphia  Test 


26  Integrating  chart  area  under  curve  =  2 .  70  sq.  in. 
Hence  215520  X  2.7=581,904.0  lb.=recorder  record. 

27  Error  in  scales:  each  400  lb.  water  as  graduated  at  gage  glass  on  tank  is 
actually  400.75  lb.  by  correct  weight,  each  pound  of  water  passing  through  the 
meter  cold  (about  68  deg.)  will  increase  in  volume  to  such  an  extent  when  hot 
as  to  require  the  addition  of  31  per  cent  of  the  indicated  chart  record  to  the  value 
given  by  the  chart  when  the  cam  is  cut  for  a  range  of  from^l75  deg.  to  225  deg., 
average  200  deg. 

Correction  for  scales  =1.001875 

Correction  for  temperature  =  1 .  035 

581,904  X        1.035  =  602270.64    chart  weight  as  corrected 
595,750  X  1.001875  =  596867.03    corrected  weight  by  tanks 
Difference    =     5403.61     recorder  lead 
Result         =0.9  per  cent  recorder  lead 
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TEST  ON    V-iN()TCH    METER    NEAR   NEW    VORlv,   APRIL  iyi2 

28  It  is  to  be  regretted  that  the  series  of  tests  made  in  April 
1912  on  a  400,000  lb.  per  hour  V-notch  meter  cannot  be  described 
in  full  in  this  paper;  the  results  in  brief  form  are  as  follows: 

29  This  series  of  tests  differs  from  the  two  tests  just  described 

TABLE  4     TEST  MADE  NEAR  PHILADELPHIA,  PA.,  AUGUST  9.    1912 


Consecu- 

North 

North 

South 

South 

tive        E 

^lapsed 

No.  of 

Bottom 

Top 

Net 

Bottom 

Top 

Net 

Tem- 

Time 

Time 

Tank 

Reading 

Reading 

North 

Reading 

Reading 

South 

perature 

10 

25.10* 

10 

30.10 

05.00 

1 

26200 

410 

25790 

35.07 

04.97 

2 

262.^.0 

100 

26150 

72 

40.09 

05.02 

3 

25875 

150 

25725 

45.54 

05.45 

4 

26150 

210 

25940 

72 

50.54 

05.00 

5 

25950 

170 

25780 

55.64 

05.10 

6 

26150 

220 

25930 

72 

11 

00.74 

05.10 

7 

26160 

230 

25930 

05.87 

05.13 

8 

26330 

220 

26110 

72 

10.96 

05.09 

9 

26220 

210 

26010 

16.06 

05.10 

10 

26025 

220 

25805 

72 

21.17 

05.11 

11 

25950 

220 

25730 

26.29* 

05.12 

12 

26025 

200 

25825 

73 

31.41 

05.12 

13 

26100 

180 

25920 

36.53 

05.12 

14 

26075 

200 

25874 

73 

41.66 

05.13 

15 

26030 

200 

25830 

46.87 

05.21 

16 

26300 

200 

26100 

52.00 

05.13 

17 

26025 

160 

25865 

73 

57.20 

05.20 

18 

26000 

180 

25910 

12 

02.39 

05.19 

19 

26450 

160 

26270 

73 

07.53 

05.14 

20 

26000 

210 

25790 

12.68 

05.15 

21 

26030 

190 

25840 

73 

17.88 

05.20 

22 

26025 

180 

25845 

22.96* 

05.08 

23 

26000 

220 

25780 

74 

1:57.86   :117.86 


287420 


2140 


285280  312990 
310470 


2520       210470 


Total  weight 595750 


74 


*  Marked  chart  and  started  to  fill  south  tank. 


in  that  the  water  was  actually  weighed  on  large  platform  scales,  and 
hence  no  correction  for  temperature  was  necessary. 

5-HouR  Test  on  V-Notch  Meter,  April  19 

Water  by  actual  weight,  lb 291965 

Water  by  recorder,  lb 290525 

Lead  of  scales,  lb 1440 

Lead,  per  cent 0 .  49 


D.    ROBERT    YARNALL  1495 

8-HouR  Test  on  V-Notch  Meter,  April  20 

Water  by  recorder,  lb 267260 

Water  by  actual  weight,  lb 266009 

Lead  by  recorder,  lb 1251 

Lead,  per  cent 0 .  46 

13-HouR  Test  on  V-Notch  Meter,  April  22 

Wat6r  by  actual  weight,  lb 557974 

Water  by  recorder,  lb 557775 

Lead  of  scales,  lb 199 

Lead,  per  cent 0 .  03 

8-Hour  Test  on  V-Notch  Meter,  April  23 

Water  by  actual  weight,  lb 352725 

Water  by  recorder,  lb. : 351501 

Lead  of  scales,  lb 1224 

Lead,  per  cent 0. 34 

8-HouR  Test  on  V-Notch  Meter,  April  24 

Water  by  actual  weight,  lb 352725 

Water  by  recorder,  lb 352231 

Lead  of  scales,  lb ." 494 

Lead,  per  cent 0.14 

CONCLUSION 

30  In  conclusion  it  will  therefore  be  noted  that  the  V-notch 
method  of  measurement  may  be  consistently  depended  upon  within 
1  per  cent,  even  in  view  of  fluctuating  conditions  of  the  rate  of  flow 
and  also  fluctuating  temperatures.  By  using  f  90  degree  notch 
weir,  still  greater  accuracy  may  be  obtained,  and  for  all  particu- 
larly accurate  tests  either  |  90  degree  or  j  90  degree  weir  plates 
are  recommended. 

31  Attention  is  here  called  to  an  able  discussion  of  the  V-notch 
with  results  of  tests  made  by  James  Barr,  B.Sc.  Carnegie  Research 
scholar  at  the  James  Watt  Engineering  Laboratories,  Glasgow  Uni- 
versity, 1907-1909.  The  synopsis  of  his  results  appear  in  London 
Engineering,  April  8  and  15,  1910  editions. 


DIMENSIONS   OF   BOILER    CHIMNEYS   FOR 
CRUDE    OIL 

AT  SEA  LEVEL  AND  AT  VARIOUS  ALTITUDES,  WITH  CORRECTING 
FACTORS  FOR  FUEL  ECONOMIZERS 

By  C.  R.  Weymouth 

ABSTRACT   OF   PAPER 

Chimney  tables  applicable  to  boiler  plants  using  coal  fuel  give  dimen- 
sions larger  than  necessary  for  oil  fuel.  It  is  impossible  to  compile  a 
single  table  of  correct  chimney  capacities  applicable  to  different  types  of 
boilers,  operating  conditions,  etc.,  for  oil  fuel. 

This  paper  sets  forth  the  elementary  principles  for  the  determination 
of  the  dimensions  of  chimneys,  with  special  reference  to  the  use  of  crude 
oil ;  it  also  presents  data  regarding  the  draft  necessary  for  burning  oil 
under  Babcock  and  Wilcox  boilers  of  various  sizes,  at  various  ratings, 
and  a  table  of  chimney  capacities  applicable  to  certain  sizes  of  Babcock 
and  Wilcox  boilers. 

The  operating  fuel  economy  of  a  crude  oil  plant  is  largely  influenced 
by  the  excess  air  supply  due  to  excessive  draft,  and  the  author  recom- 
mends the  use  of  lower  chimneys  than  customary,  particularly  for  uniform 
load  plants,  not  subject  to  overload,  as  affording  a  means  of  chimney 
regulation  of  fuel  economy. 

Errors  are  shown  in  previously  accepted  formulae  for  variation  of 
chimney  proportions  for  operation  at  different  altitudes,  and  correct  formu- 
lae are  given. 

Data  are  given  regarding  the  frictional  resistance  of  fuel  economizers,  and 
a  table  presented  showing  ratio  of  reduction  of  chimney  capacity,  due 
to  cooling  of  gases  within  economizer,  and  the  resistance  of  economizer. 
Dimensions  of  steel  chimneys  are  given  for  minimum  first  cost,  and  selec- 
tion of  type  of  chimney  suitable  for  quick  starting  reserve  plants  is 
discussed. 
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DIMENSIONS   OF   BOILER    CHIMNEYS   FOR 
CRUDE   OIL 

AT  SEA  LEVEL  AND  AT  VARIOUS  ALTITUDES.  WITH  CORRECT- 
ING FACTORS  FOR  FUEL  ECONOMIZERS 

By  C.  R.  Weymoith,  San   Francisco,  Cal. 

Member  of  the  Society 

The  necessary  heights  for  chimneys  lor  fuel  oil  plants  are  much 
less  than  ordinarih'  supposed  Avhen  the  boilers  are  operating  at 
ratiug  and  considerably  greater  than  usually  supposed  when 
there  are  heavy  overloads.  A  chimney  of  undue  height  causes 
an  excessive  quantity  of  air  for  combustion  and  permits  an  ex- 
cessive load  on  the  boilers,  both  resulting  in  a  large  waste  of 
fuel. 

'2  When  the  chimney  height  is  limited  to  that  necessary  for 
economical  air  supply  at  the  desired  rat^  of  load,  it  will 
be  im]:)ossible  for  the  most  careless  fireman  to  cause  a  material 
loss  of  economy,  either  by  overload  or  excess  air  supply,  or  abuse 
of  boilers  due  to  ovei"load.  In  this  sense  the  chimney  may  be- 
come an  important  and  inexpensive  means  for  boiler  plant  regu- 
lation and  in  many  ways  a  safeguard  against  careless  firing. 
Such  usage  is,  of  course,  of  greatest  effect  in  plants  operating  at 
uniform  load. 

3  Although  the  writer  had  previously  intended  investigating 
this  subject,  it  was  not  until  the  San  Francisco  earthquake  of 
April  18,  1906,  had  considerably  reduced  the  height  of  most 
masonry  chimneys  that  he  was  led  to  an  active  collection  of  chim- 
ney data.  Many  of  the  results  apparently  were  contradictory. 
Certain  chimneys  reduced  to  a  height  of  30  ft.  gave  the  usual 
boiler  capacity  and  others,  reduced  to  a  height  of  75  ft.,  showed 
under  certain  conditions  of  service  a  decrease  in  boiler  capacity. 

4  If  the  total  or  potential  draft  of  a  chimne}^  were  available- 


The  American  Society  of  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  papers  are  subject  to  revision. 
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for  the  flow  of  gases  through  the  chimney  and  equal  to  the  fric- 
tional  resistance  within  the  chimney,  the  capacity  of  the  chimney 
would  then  be  a  maximum.  On  the  other  hand,  if  a  large  per- 
centage of  the  draft  of  a  chimney  were  maintained  at  the  base 
it  is  self  evident  that  but  little  draft  would  be  available 
to  induce  a  flow  of  gases;  and  the  greater  tlie  draft  power  at 
the  base  of  chinmey,  the  less  the  capacity  of  chimney  in  weight 
of  gases  discharged  per  unit  of  time. 

5  In  tliis  respect  a  chimney  of  given  diameter  and  height 
may  be  likened  to  a  centrifugal  fan  of  given  diameter  operating 
at  a  fixed  rate  of  revolutions.  When  operating  on  free  air  dis- 
charge the  capacity  of  the  fan  is  very  large,  but  when  operating 
against  an  increasing  pressure  the  rate  of  discharge  rapidly  de- 
creases. No  one  would  think  of  computing  a  table  showing  fan 
capacities  without  specifying  the  size  of  fan  and  the  working 
pressure. 

6  In  the  same  sense  a  table  of  chimney  capacities  is  incom- 
plete which  does  not  designate  the  working  draft  at  the  base  of 
chimney;  particularly  for  oil  fuel,  because  of  the  rapid  increase 
in  draft  resistance  as  boilers  are  overloaded.  For  an  assumed 
set  of  conditions,  a  chimney,  as  with  a  fan,  has  a  definite  capacity, 
but  no  overload  capacity. 

7  Chimneys  should  therefore  be  selected,  not  with  respect  to 
the  rated  horsepower  of  the  connected  boilers,  but  after  consid- 
eration of  the  maximum  boiler  overload  and  the  draft  resistance 
of  boilers  at  overload. 

8  While  most  chimnej^  tables  are  reduced  to  a  boiler  horse- 
power basis,  for  convenience,  the  correct  designation  of  capacity 
is  the  weight  of  gases  discharged  per  unit  of  time.  It  follows 
that  in  determining  the  weight  of  gases  from  the  boiler  horse- 
power, two  important  factors  enter:  the  ratio  of  air  for  combus- 
tion to  that  chemically  required,  and  the  efficiency  of  boilers  at 
the  maximum  load. 

9  Knowing  the  weight  of  gases  to  be  handled,  it  is  compara- 
tively an  easy  matter  to  determine  from  existing  formula?  the 
frictional  loss  due  to  a  given  chimney  and  flue.  There  are,  how- 
ever, but  few  published  data  indicating  the  draft  resistance  of 
various  types  of  oil  fired  boilers  under  various  rates  of  firing. 

10  Practical  experience  has  shown  that  altitude  is  an  impor- 
tant factor  affecting  the  capacity  of  boiler  chimneys.  Certain 
rules  of  thumb  are  now  employed,  and  certain  formulae  have  been 
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incorrectly  derived.     The  Avriter's  treatment  of  this  question  is 
also  given  in  this  pai)er. 

WEIGHT  OF   CHIMNEY  GASES 

11  In  a  given  phint.  the  total  weight  of  gases  per  hour  to  be 
handled  by  chimney  is  dependent  upon  the  rated  capacity  of  the 
boilers,  their  maximum  momentary  overload  capacity,  the  neces- 
sary percentage  of  excess  air  for  a  given  type  of  boiler  and  fur- 
nace, and  the  boiler  efficiency  for  the  conditions  assumed. 

12  Tests  haA'e  indicated  the  efficiencies  of  boilers,  the  tem- 
peratures of  waste  gases,  and  the  minimum  air  required  for  com- 
bustion. In  every-day  practice  the  negligence  and  ignorance  of 
firemen,  the  disarrangement  of  furnace  brickwork,  the  carboniza- 
tion of  burners  and  the  improper  adjustment  of  dampers  make  it 
necessary  to  provide  for  an  excess  of  air  over  the  minimum  air 
supply  obtainable  in  tests,  depending  on  the  type  of  boiler,  the 
character  of  service,  skill  of  firemen,  etc. 

13  For  the  best  types  of  water-tube  boilers  fitted  with  Pea- 
body  furnace  and  operating  at  rating  or  at  overloads,  the  writer 
has  assumed  as  ample  margin  for  good  practice  50  per  cent  ex- 
cess air  over  chemical  requirements  at  chimney  inlet.  In  deter- 
mining draft  resistance  of  boilers,  50  per  cent  excess  air  through 
the  setting  has  been  assumed  for  boilers  at  rating,  and  slightly 
less  at  50  per  cent  overload,  as  explained  below. 

14  For  poorly  designed  and  operated  furnaces,  50  per  cent 
excess  air  is  an  insufficient  allowance  and  the  chimney  propor- 
tions given  in  the  tables  must  be  modified  by  the  designer  to  meet 
actual  conditions. 

15  When  new,  a  boiler  plant  will  require  a  minimum  of  air 
for  combustion  and  usually  there  will  be  but  little  greater  weight 
of  gases  passing  up  the  chimney  than  into  the  furnaces.  Allow- 
ance must  be  made  for  leaky  boiler  settings,  long  masonry  flues, 
etc.,  but  with  steel  flues  air  infiltration  should  be  negligible.  The 
writer  recalls  a  test  of  an  old  plant  having  long  brick  flues,  where 
the  rate  of  flow  of  gases  up  the  chimney  was  about  double  that 
into  the  connected  boiler  furnaces;  and  as  a  result  of  this  leak- 
age of  cold  air,  tlie  chimney  temperature  was  very  much  lower 
than  that  of  the  gases  leaving  the  boilers. 

16  With  expert  firing  it  is  possible  to  reduce  the  air  supply  to 
nearly  the  theoretical  minimum,  both  at  rated  load  and  at  over- 
loads.   At  rating,  the  relatively  large  furnace  volume  makes  it 
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[)()S8il)le  for  considerable  amounts  of  air  to  pass  through  the  fur- 
nace without  entering  the  zone  of  combustion;  but  as  the  k>ad  is 
increased  the  flame  more  completely  fills  the  furnace  and,  except 
with  a  deliberate  wastage,  a  larger  portion  of  the  air  admitted 
commingles  with  the  flames  and  aids  combustion. 

17  In  the  computations  which  follow  the  writer  assumes.  14 
lb.  of  air  chemicall}^  required  per  lb.  of  oil  and,  based  on  50  per 
cent  excess,  there  would  be  admitted  a  total  of  21  lb.  of  air  per  lb. 
of  oil.  To  this  the  products  of  combustion  and  steam  for  atomi- 
zation  add  slightly  in  excess  of  one  pound,  so  that  hereafter  22 
lb.  of  chimney  gases  per  pound  of  oil  will  be  assumed. 

IS  To  assist  in  the  computation  of  the  weight  of  chimney 
gases  Table  1  is  presented,  giving  calculated  boiler  efficiencies 
based  on  assumed  conditions,  as  explained  in  the  foot  notes  of 
the  table. 

19  The  temperature  of  the  waste  gases  and  the  gas  analysis 
are  more  easily  determined  than  the  boiler  efficiency  and,  based 
on  these  factors,  the  table  assists  in  approximating  the  actual 
boiler  efficiency  and  correspondingly  the  rate  of  oil  consumption. 
Due  alloAvance  should  be  made  for  reduction  of  boiler  efficiency 
due  to  any  accumulation  of  boiler  scale,  sooty  tubes,  etc.,  after  a 
period  of  use. 

DRAFT    RESISTANCE    OF    BOILERS 

20  The  draft  resistance  of  a  boiler  depends  on  type,  size, 
arrangement  of  heating  surface,  type  and  arrangement  of  super- 
heater, if  any,  extent  of  baffling  of  gases,  type  of  oil  furnace, 
arrangement  and  area  of  air  admission  to  boiler  and  to  furnace, 
the  excess  air  for  combustion  over  chemical  requirements  and  the 
I'ate  at  which  the  boiler  is  operated.  The  draft  resistances  of 
water  tube  boilers  are  ortlinarily  recorded  in  the  rear  of  boiler, 
inside  the  setting,  and  close  to  the  outlet  damper.  These  drafts, 
therefore,  do  not  include  the  resistance  of  damper  and  flue. 

21  If  a  boiler  be  fired  with  wide  open  ash  doors,  the  regula- 
tion of  air  being  from  the  damper  at  boiler  outlet,  the  draft 
resistance  of  the  boiler  will  be  a  minimum.  In  boilers  having  a 
series  of  up  and  down  passes,  the  draft  within  the  boiler  setting 
at  the  top  of  the  first  pass  may  entirely  disappear  and  a  positive 
pressure  may  result.  This  condition  is  due  to  the  injector  action 
of  the  burner  pumping  air  into  the  furnace,  and  to  the  less 
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weight  of  the  heated  colunin  of  gases  inside  the  boiler  as  com- 
pared with  external  cohinin  of  air  of  equivalent  height. 

TABLE  I     MAXIMUM  THEOKETICAL  EFFICIENCY    FOR  A  GIVEN  PER  CENT 
EXCESS  AIR  SUPPLY  AND  FLUE  GAS    TEMPERATURE 

Based  on  Stated  Assumptions  ^ 


Assumed 

Assumed  Tempbbatdbe  of  Flue  Gases,  Deg.  Fahr. 

Assumed 

Per 

Cent 

Excess 

Air 

375 

400 

425 

450 

475 

500 

550 

600 

700 

800 

Per 

Cent 
Excess 

Air 
Supply 

Supply 

Calculatbd  Boiler  Efficiency,  Per  Cent 

0 
10 
50 
100 
150 
200 
250 
300 

81.35 
80.62 
77.90 
74.42 

80.78 
80.04 
77.08 
73.37 

80.20 
79.41 
76.25 
72.32 

79.61 

78.78 
75.44 
71.26- 

79.03 
78.15 
74.62 
70.21 
65.79 

78.44 
77.52 
73.80 
69.16 
64.51 
59.86 

77.28 
76.25 
72.16 
67.04 
61.93 
56.81 
51.69 
46.58 

76.11 
74.99 
70.52 
64.95 
59.35 
53.77 
48.18 
42.60 

73.77 
72.47 
67.24 
60.72 
54.20 
47.67 
41.15 
34.63 

71.43 
69.94 
63.97 
56.51 
49.04 
41.58 
34.11 
26.65 

0 
10 
50 
100 
150 
200 
250 
300 

Approximate  Relation  between  Per  cent  C02  and  Excess  Air  Supply  as  per  Assumptions 

BELOW 


Per  cent  Co  2 

Per  cent  Excess  Air . 


4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

283 

205 

155 

120 

93.0 

72.2 

55.5 

41.9 

30.6 

21.0 

12.7 

5.6 

15.9 
•  0 


'  Values  are  conditioned  on  the  following  assumptions: 

Average  temperature  of  air  for  combustion  entering  the  boiler  80  deg.;  humidity  80%;  air  per 
lb.  of  oil  chemically  required  for  complete  combustion,  14  lb.  b.t.u.  per  lb.  of  oil  as-  fired,  18,500; 
chemical  composition  of  the  oil  as  follows:  carbon,  86%;  hydrogen,  11%;  sulphur,  0.8%;  nitrogen, 
0.2%;  oxygen,  1.0%,;  water,  1.0%. 

Per  cent  of  excess  air  stated  is  measured  at  boiler  outlet  and  consequently  includes  leakage 
through  boiler  setting. 

The  loss  by  radiation  has  been  taken  as  3%.  This  loss  varies  with  the  size  of  boiler,  insulation, 
etc.,  being  less  than  indicated  for  larger  sizes  of  boilers  and  greater  for  smaller  sizes. 

An  allowance  of  2%  for  undetermined  losses  has  been  made.  This  quantity  is  subject  to  con- 
siderable variation  and  may,  in  exceptionally  favorable  instances,  be  as  low  as  0.5%. 

The  following  constants  are  taken  from  Marks  and  Davis'  Steam  Tables:  Absolute  tempera- 
ture =459.6  deg.  +  t  deg.  Heat  of  vaporization  at  atmospheric  pressure  =970.4  b.t.u.  Specific 
heat  of  superheated  steam  at  atmospheric  pressure,  for  the  range  of  temperature  from  212  deg. 
to  700  deg.  fahr.  =0.47. 

This  table  shows  conservati'te  eflSciencies  primarily  for  use  in  stack  calculations. 


22  In  boilers  with  brick  settings  there  may  be  an  escape  of 
hot  gases  from  the  top  of  boiler  at  times,  giving  rise  to  a  pos- 
sible loss  of  economy  and  also  to  annoyance  of  firemen  from 
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escaping  gases.  Under  certain  conditions  it  is  therefore  neces- 
sary to  close  the  air  admission  doors  partiall}-  to  insure  a  draft 
at  all  points  wilhin  the  boiler  setting,  tending  to  increase  the 
total  draft  resistance  otherwise  necessary.  This  etfect  is  more 
noticeable  at  loads  approximating  rating,  or  slightly  below,  than 
at  overloads,  where  the  friction  of  How  of  air  for  combustion  into 
the  boiler  and  furnace  tends  to  prevent  greater  pressure  within 
the  setting  than  without. 

23  The  analysis  of  over  75  tests  under  various  conditions,  on 
several  sizes  of  boilers  of  the  same  general  type,  fails  to  reveal 
a  very  close  relationship  between  the  total  draft  resistance  and 
the  rate  of  load  on  boiler.  Other  conditions  being  equal,  it  is 
clearly  evident  that  the  draft  resistance  increases  slightly  with 
an  increase  in  size  of  boiler  for  all  rates  of  firing.  A  1-4-tube  high 
Babcock  and  Wilcox  boiler  has  a  draft  resistance  greater  than  a 
boiler  9  tubes  high.  There  is  a  variation  of  the  injector  action 
of  the  burner  with  difterent  types,  arrangement  of  burners,  ar- 
rangement of  checkerwork  forming  the  floor  of  furnace,  position 
of  the  burner  relative  to  checkerwork.  and  the  form  of  flame 
relative  to  checkerwork. 

24  Engineers  and  operators  ^ary  the  size  and  arrangement  of 
air  spaces  for  admission  to  the  furnace,  and  the  length  and  area 
of  air  ducts  leading  from  the  air  doors  to  the  furnace. 

25  The  area  of  air  admission  doors  has  n  general  relationship 
to  boiler  horsepower,  but  changes  in  area  if  these  doors  are  irreg- 
ular between  certain  sizes  of  boilers.  In  a  Babcock  and  AYilcos 
boiler  of  600  h.p.  with  a  certain  furnace  arrangement,  draft  re- 
sistances at  rating  have  been  noted  as  low  as  0.08  in.  and  as  high 
as  0.2  in.,  this  variation  being  due  mainly  to  increasing  quantities 
of  air  supplied  for  combustion.  A  change  in  furnace  arrange- 
ment for  economical  firing  gave  for  this  same  boiler  a  draft  aver- 
aging slightly  over  0.10  in.  in  one  case  and  less  than  0.05  in.  in 
another  case,  at  about  the  same  rating  and  efiicienc}'. 

26  The  writei's  data  are  compiled  from  a  series  of  tests  made 
especially  for  the  determination  of  boiler  efficiencies  and  not  witli 
a  view  to  determination  of  stack  capacities.  A  series  of  curves 
was  plotted  and  an  attempt  made  to  correct  for  any  inequalities 
due  to  the  position  of  air  admission  doors,  the  ratio  of  excess  air 
over  chemical  requirements,  etc.  Even  witli  these  corrections,  for 
reasons  outlined  above,  the  plotted  points  did  not  fall  on  smooth 
curves. 
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27  Fig.  1  shows  curves  of  average  draft  resistances  on  Bab- 
f'ock  and  Wilcox  boilers  of  several  sizes,  at  various  rates  of  firing, 
given  for  minimum  observed  air  supply.  The  apparent  incon- 
sistency is  due  to  the  tests  having  been  made  by  different  persons 

28  Fig.  2  shows  cur^'es  of  corrected  drafts  to  conform  as 
nearly  as  may  be  to  a  rate  of  air  supply  50  per  cent  in  excess  of 
chemical  requirements,  the  curves  being  rationalized  with  respect 
to  each  other  for  similar  furnace  settings,  differences  being  due 
to  variaticm  in  size  of  boiler,  etc. 
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Fig.  1    Draft  Resistance  of  Babcock  axd  Wilcox  Boilers  with  Peabody 

FURNACES     BURNING     CALIFORNIA     CrUDE     OiL.        CuRVES     PLOTTED     THROUGH 

Points  of  Minimum  Draft  Corresponding  to  Minimum  Air  Supply,  Test 

Conditions,  Draft  measured  in  Third  Pass. 

Curve  A— 21  wide,  14  high,  18  ft.  long,  604  h.p.i 
Curve  5—21  wide,  12  high,  18  ft.  long,  524  h.p. 
Curve  C— 14  wide,     9  high,  18  ft.  long,  260  h.p. 

29  All  drafts  in  Figs.  1  and  2  are  measured  inside  of  the 
boiler  between  the  end  of  the  third  pass  and  boiler  outlet. 

30  It  should  be  noted  that  the  draft  at  the  rear  of  boiler  will 
be  somewhat  dependent  on  the  height  abo\e  the  floor  line  at  the 
point  of  measurement.  This  height  will  vary  from  about  6  to 
20  ft.,  depending  on  the  type  of  boiler,  and  introduces  a  consid- 
erable correction  for  the  chimney  height  otherwise  determined. 
It  is  evident  that  the  calculated  height  of  chimney  must  be  meas- 
ured above  the  point  of  observed  or  calculated  draft  for  the 
boiler  in  question,  and  not  from  the  boiler  room  floor  line. 

31  The  draft  resistance  between  the  third  pass  and  the  flue 
will  depend  upon  the  size,  type  and  arrangement  of  boiler,  area 


^Equipped  with  double  loop  superheater. 
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and   position   of   danipei-   o[)cning,   arrangement   of   circulating 
tubes,  etc. 

32  The  calcnlated  draft  resistance  through  the  damper  box, 
»-n  the  basis  of  vekicity  liead,  aHowing  ordinary  coefficients  for 
friction,  does  not  give  a  result  as  great  as  the  average  results 
obtained  by  ex]3criment.  Draft  readings  are  subject  to  error, 
owing  to  the  position  of  draft  tube  as  affected  by  velocity  of 
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Fig.  2    Draft  Resistance  of  Babcock  and  Wilcox  Boilers  with  Peabody 

Furnaces  burning  California  Crude  Oil  with  Draft  measured  in  Third 

Pass  and  Air  Supply  50  Per  Cent  in  Excess  of  Chemical  Requirements. 

Curve  ^—21  wide,  14  high,  18  ft.  long,  604  h.p.i 

Curve  5—21  wide,  12  high,  18  ft.  long,  .524  h.p. 

Curve  C— 14  wide,     9  high,  18  ft.  long,  260  h.p. 

gases,  etc.  In  one  instance,  with  a  Babcock  and  Wilcox  boiler 
operating  at  100  per  cent  overload,  the  draft  observations  were 
the  same  on  both  sides  of  the  boiler  damper,  a  result  manifestly 
in  error.  In  a  200-h.p.  Babcock  and  Wilcox  boiler  working  at 
(m  ]ier  cent  overload,  with  economical  air  supply,  the  draft  loss 
between  the  third  pa.ss  and  the  flue  side  of  damper  with  damper 
v.'ide  open  was  0.04  in. 

33  A  520-h.p.  Babcock  and  Wilcox  boiler,  under  good  firing 
conditions,  at  slightly  over  rating,  gave  0.03  in.  loss  between  flue 
and  third  pass,  the  damper  being  wide  open.     Another  test  on 


'Equipped  with  double  loop  superheater. 
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boilers  on  the  same  size  gavo  O.Oii  in.  dral'l  loss,  al  a  slight  over- 
load, ecoiioinical  air  supply. 

M  A  680-h.p.  Babcock  and  ^^'iK•()X  boiler,  having  overhead 
Hue.  outlet  between  drums,  gave  the  same  draft  in  tiue  on  boiler 
side  of  damper  as  in  the  third  pass,  a  result  no  doubt  affected  by 
draft  diti'erences,  due  to  ditferenoe  of  height  of  points  of 
measurement. 

35  A  series  of  tests  (m  a  GOOdi.p.  Babcock  and  AVilcox  boiler 
at  the  Kedondo  plant,  14  tubes  high,  with  a  double  loop  super- 
heater, corrected  for  50  per  cent  excess  air  supply,  gave  an  aver- 
age curve  from  \Ahich  the  folloM'ing  values  were  taken: 

Draft  Resistance, 
Perceatage  of                                                         Damper  only. 
Boiler  Rating                                                               in.  Water 
.    100   0.08 

125  o.n 

150   0.14 

175 0.10 

FRICTIONAL   RESISTANCE   OF   STEEL   ILUES,   ETC. 

36  It  is  not  the  purpose  of  this  paper  to  present  new  data  for 
fi-ictional  resistances,  etc.,  but  rather  to  assume  the  correctness 
of  established  formulae. 

37  The  resistance  of  flues  will  depend  upon  the  construction, 
whether  of  steel,  brick,  cement,  etc.,  and  will  also  vary  with  the 
character  of  sooty  coating,  etc.  For  circular  unlined  .steel  flues 
;'.fter  a  }ieriod  of  use.  the  writer  has  assumed  the  formula 

r>  =  '^^^3^ m 

in  Avhich 

/)  rzz  draft  loss,  in.  of  water. 

ir  :=  weight  of  gases  flowing  per  second,  lb. 

7'  =  absolute  temperature  of  gases,  deg.  fahr. 

L  =^  length  of  flue.  ft. 

d  rr:  diauicter  of  flue,  in. 

38  The  coefficient  3  is  approximate  only  and  is  based  on  in- 
formation furnished  by  a  prominent  fan  manufacturer,  slightly 
increased  to  allow  for  sooty  surfaces.  The  same  sourr-e  indicates 
iliat  the  frictional  loss  of  brick  or  cement  flues  would  be  nearly 
double  that  foi-  clean  sheet  iron,  but  the  writer  believes  that  the 
loss  will  not  increase  in  this  ratio,  owing  to  the  fact  that  l)oth  sur- 
faces will  eventuallv  have  a  coating  of  soot. 
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39  Compared  witli  circular  Hues,  the  resistance  of  those  of 
rectangular  section  is  greater  at  the  same  velocity  by  reason  of 
the  increased  wetted  area,  being  approximately  12  per  cent 
greater  for  flues  of  square  section  and  15  per  cent  greater  for 
flues  of  1  by  II/2  rectangular  section  than  for  flues  of  circular 
section. 

40  The  resistance  of  a  right  angle  turn  is  taken  by  most 
authorities  as  equivalent  to  the  velocity  head.  Reduced  to  the 
basis  of  the  above  nomenclature,  we  have 

l>=^^^^ [2] 

in  which 

D  =1  draft  loss  due  to  velocity  head  or  right  angle  turn 

41  The  formulae  for  flue  resistance  are  modified  for  chimneys 
as  indicated  below,  the  difference  in  formulae  being,  on  first 
thought,  not  entirely  consistent. 

42  For  resistance  of  bends  of  angles  greater  or  less  than  90 
deg.,  for  diverging  or  contracting  shapes,  the  designer  will  be 
compelled  to  modify  the  formulae  on  the  basis  of  standard  form- 
ulae, the  factor  of  judgment  entering  largely  and  the  final  re- 
sults being  approximate  only. 

43  The  resistance  due  to  a  right  angle  turn  in  the  breeching 
or  at  cliimney  has  an  important  effect  on  the  height  of  chimney, 
and  to  minimize  the  loss  in  straight  runs  as  well  as  in  turns,  con- 
ventional practice  requires  an  area  of  breecliing  about  20  per  cent 
in  excess  of  that  of  chimney. 

DRAFT    POWER    OF    CHIMNEY,    FRICTION    LOSS,    ETC. 

44  The  exact  predetermination  of  the  potential  draft  of  a 
chimney  is  most  difficult,  as  it  is  impossible  to  disassociate  the 
frictional  loss  witliin  a  chimney  from  the  draft  loss  due  to  cool- 
ing, air  leakage,  etc. 

45  It  has  been  pointed  out  in  Professor  Gale's  paper^  that 
there  is  a  decrease  in  the  potential  draft  of  a  chimney,  due  to 
friction  and  cooling  of  gases  within  the  chimney,  to  infiltration 
of  cold  air,  etc.,  and  to  atmospheric  currents  of  air  in  the  region 
of  the  top  of  chimney.  It  has  also  been  shown  in  Mr.Babcock's 
discussion  of  the  paper^  that  with  a  quiet  atmosphere  there  is  an 

'H.  B.  Gale,  Theory  aud  Design  of  Chimneys,  Trans.  Am.  Soc.  M.  E., 
vol.  11,  p.  451. 

=  Trans.  Am.  Soc.  M.  E.,  vol.  11,  p.  482. 
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increment  of  draft  due  to  the  column  of  heated  gases  directly 
above  the  chimney;  and  further,  that  the  form  of  the  top  of  the 
chimney  has  a  direct  bearing  on  the  chiumey  draft  whenever 
the  wind  velocity  is  appreciable. 

4G  The  writer  would  add  that  the  deceleration  of  gases  within 
the  chimney,  due  to  any  cooling  in  the  passage  up  the  chinmey, 
will  result  in  a  slight  decrease  of  chimney  friction  on  account  of 
lessening  of  the  volume  and  velocity  of  gases ;  and  the  conversion 
of  the  velocity  head  into  a  pressure  head  will  also  tend  to  over- 
come the  downward  atmospheric  pressure  at  the  top  of  chimney. 
It  has  been  suggested  to  the  writer  that  there  are  nodal  points 
within  the  chimney  owing  to  vibration  of  the  chimney  colmnn 
and  that  this  phenomenon  may  interfere  with  the  results  calcu- 
lated from  an  elementary  hypothesis. 

47  The  effective  draft  of  a  chimney  will  be  reduced  if  ample 
area-ways  are  not  provided  for  the  inflow  of  air  to  the  boiler 
room. 

48  From  the  report  of  the  Liquid  Fuel  Board,  United  States 
Navy,  Bureau  of  Steam  Engineering,  during  1902  and  1903,  the 
writer  noted  that  in  one  particular  test  under  forced  draft  con- 
ditions, where  the  weight  of  gases  passing  through  the  chimney 
was  several  times  that  corresponding  to  the  natural  draft  condi- 
tions, giving  rise  to  a  discharge  velocity  of  nearly  60  ft.  per  sec- 
ond, the  calculated  chimney  friction  was  greater  than  0.5  in. 
water  pressure.  The  potential  draft,  due  to  the  weight  of  chim- 
ney gases,  was  somewhat  greater  than  0.5  in.,  so  that,  neglecting 
the  external  influences,  the  draft  at  the  base  of  chimney  should 
have  been  practically  negligible.  On  the  other  hand,  the  observed 
draft  was  almost  as  great  as  the  potential  draft,  indicating  a 
draft  increment  due  to  causes  other  than  the  difference  in  weight 
of  the  column  of  air  inside  and  outside  of  chimney.  On  other 
tests  the  observed  draft  was  considerably  reduced,  probably  owing 
in  part  to  the  brushing  aside  by  the  wind  of  the  hot  column  of 
gases  immediately  over  the  chimney. 

49  An  examination  of  the  results  of  very  elaborate  tests  made 
on  a  chimney  at  the  Massachusetts  Institute  of  Technology,  giv- 
ing draft  observations  at  various  portions,  does  not  indicate  a 
consistent  relationship  between  the  observed  and  calculated  draft 
loss  within  the  chimney  for  various  points  along  the  chimney 
shaft. 

50  Sufficient  tests  have  not  been  made  to  determine  with  accu- 
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rac}'  the  results  I'loin  all  of  the  influences  noted,  nor  is  it  neces- 
sary that  such  tests  be  made.  Chimneys  must  be  designed  with 
respect  to  the  unfavorable  surrounding  conditions  and  with  this 
idea  in  view  it  will  be  safe  to  ignore  any  increment  in  draft  due 
to  the  extraordinary  influences  above  cited. 

51  Since  the  existing  data  in  regard  to  the  density  of  chim- 
ney gases  refer  particularly  to  coal-burning  practice,  it  is  neces- 
sary to  consider  possible  variation  with  oil  fuel,  which  is  found 
to  give  a  density  of  chimney  gases  somewhat  greater  than  that 
with  coal  firing,  varying  with  the  excess  air  for  combustion,  the 
ultimate  analysis  of  the  crude  oil,  humidity  of  air  for  combus- 
tion, etc. 

52  The  specific  volume  of  chimney  gases  is  usually  defined  by 

^=i ' t«^ 

in  which 

S  =  cu.  ft.  of  gases  per  lb. 

T  =  absolute  temperature  which,  according  to  Marks  and 
Davis  =  459.64  -\-  temperature,  fahrenheit  scale. 

K  =  a  constant 
For  dry  air,  standard  barometer,  K  =  39.78. 

53  For  chimney  gases  at  a  temperature  of  500  deg.  fahr.,  50 
per  cent  excess  of  dry  air  being  supplied  for  combustion,  K  = 
39.73.  In  this  instance  the  value  of  K  is  0.13  of  1  per  cent  greater 
for  dry  air  than  lor  chimney  gases,  indicating  a  relative  lessening 
in  the  weight  of  chimney  column  to  this  extent. 

54  For  500  deg.  fahr.  temperature  of  cliimney  gases,  100  per 
cent  excess  of  dry  air  supplied  for  combustion,  A'  becomes  39.74, 
or  but  slightly  heavier  than  for  chimney  gases  with  50  per  cent 
excess  air. 

55  For  atmospheric  air  at  80  per  cent  humidity,  K  becomes 
39.29,  a  decrease  in  density  as  compared  with  dry  air  of  1.2  per 
cent. 

56  For  chimney  gases  at  a  temperature  of  500  deg.  fahr.,  50 
per  cent  excess  air  for  combustion  at  80  per  cent  humidity,  K 
becomes  39.38. 

57  It  is  thus  evident  that  the  relative  density  of  chimney  gases 
is  slightly  greater  than  that  of  atmospheric  air,  considering  the 
specified  50  per  cent  humidity,  as  against  the  relative  decrease  in 
density  when  considering  dry  air  only.  It  follows  that  with  50 
per  cent  excess  air,  500  deg.  temperature  of  chimney  gases,  there 
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is  a  degree  of  saturation  of  the  atmosphere  less  than  80  per  cent 
humidity,  at  which  the  relative  density  of  chimney  gases  is  the 
same  as  for  atmospheric  air. 

58  For  500  deg.  fahr.  temperature  of  chimney  gases,  100  per 
cent  excess  air  at  80  per  cent  humidity,  the  value  of  K  becomes 
39.34,  approaching  still  more  nearly  than  for  50  per  cent  excess 
air  the  rehitive  density  of  the  atmospheric  column. 

59  In  these  instances  the  greatest  relative  difference  in  the 
rehitive  densities  of  chimney  column  and  atmospheric  air  is  less 
than  ^,4  of  1  per  cent,  which  for  ordinary  conditions  would 
atJ'ect  the  calculated  draft  power  of  the  chimney  by  less  than 
V^  of  1  per  cent.  Since  these  ditt'erences  are  small  compared 
with  the  uncertain  value  of  the  correcting  factor  /,  as  will  be  ex- 
plained, and  uncertain  chimney  calculations  in  general,  it  may  bo 
considered  safe  in  calculations  for  chimney  draft  to  ignore  the 
ditl'erence  in  relative  density  at  chimney  column  and  atmospheric 
air,  assuming  throughout  the  same  relative  density  for  both  and 
as  equivalent  to  the  atmospheric  column  based  on  dry  air.  A 
humid  atmosphere  will  affect  the  performance  of  a  boiler  plant, 
tending  slightly  towards  a  sluggish  combustion,  and  by  reason  of 
a  slightly  increased  volume  and  velocity  of  gases,  there  is  very 
small  increase  in  the  frictional  resistances;  these  etfects,  how- 
ever, may  be  considered  of  secondary  importance. 

60  The  calculation  of  the  potential  draft  of  chimney  is  in  ac- 
cordance with 

D=zfKH [4] 

in  which 

/  =z  empirical  coefficient  depending  largely  on  the  rate  of 

cooling  gases  within  the  chimney 
A'  =  theoretical  draft  per  ft.  of  chimney  due  to  difference 
in  weight  of  atmospheric  air  and  chimney  gases,  as- 
suming the  same  relative  density  for  both  as  for  dry 
air  at  standard  barometer,  the  chimney  column  being 
assumed  throughout  at  the  temperature  of  the  enter- 
ing gases 
H  =  height  in  ft.  of  chimney  above  point  of  draft  meas- 
urement 
For  altitudes  other  than  sea  level,  the  draft  varies  directly  as 
the  normal  barometer. 

61  Based  on  the  results  from  actual  practice  from  a  number 
of  unlined  steel  chimneys,  the  writer  has  assumed  the  value  /  = 
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0.95.  This  factor  is  subject  to  considerable  variation.  In  chim- 
neys having  relatively  large  radiating  surface,  and  low  velocity 
of  gases,  the  factor  /  may  be  0.85  or  lower.  If  the  chimney  be 
properly  designed  for  a  certain  maximum  load,  then,  with  all 
boilers  in  operation,  the  velocity  within  the  chinmey  will  be  nor- 
mal, and  the  value  of  /  should  not  varj^  greatly. 

62  A  German  engineer  makes  the  factor  /  dependent  on  the 
difference  between  the  mean  temperature  inside  the  chimney  and 
the  mean  temperature  of  external  air,  but  this  formula  is  still  at 
fault  in  neglecting  the  chimney  velocity  and  cooling  area  of 
chimney  surface.  It  does  not  appear  possible  to  define  the  factor 
/  by  any  simple  rational  form^ula. 

63  The  value  of  K  is  determined  on  the  conventional  basis. 
It  is  important,  however,  to  note  that  in  determining  /i,  when 
used  in  connection  with  the  factor  /,  the  temperature  should  be 
that  of  the  gases  entering  the  chimney  and  not  the  mean  tem- 
perature of  gases  within  chimney. 

64  Table  2  gives  the  calculated  potential  draft  of  a  chimney 
100  ft.  in  height  for  various  temperatures  of  gases  entering  the 
chimney  and  for  various  temperatures  of  external  air.  Column  A 
shows  the  theoretical  draft  without  loss  due  to  cooling  or  fric- 
tion ;  column  B  the  theoretical  draft  corrected  for  a  temperature 
drop  in  stack  and  density  of  flue  gases,  based  on  the  value  /  = 
0.95 ;  column  G  the  net  draft  based  on  the  stated  friction  ratio  as 
referred  to  below.  It  is  important  to  note  that  the  drafts  are 
seldom  measured  at  the  floor  line,  and  in  computing  chimney 
heights,  allowance  should  be  made  for  the  height  above  floor  line, 
of  the  point  of  draft  measurement. 

65  In  order  to  obtain  the  draft  within  chimney  at  the  point 
of  entering  gases,  it  is  necessary  to  deduct  from  the  values  given 
in  Table  1,  Column  5,  the  frictional  loss  within  the  chimney, 
which  may  be  calculated 

nW-TTI 

^--^r^ t^J 

in  which  the  nomenclature  for  Z>,  T^  W  and  H  will  apply  as 
above.  C  will  be  represented  by  a  coefficient  fi-om  practice.  For 
steel  chimneys,  the  writer  assumes  C  =  2.3.  A  German  authority 
gives  a  frictional  coefficient  for  brick  chimneys  which  reduced  to 
the  same  form  would  give  C  r=  2.5. 

66  The  writer  has  not  assumed  differing  values  for  steel, 
brick,  and  concrete  chimneys.    While  manifestly  a  difference  will 
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exist,  it  is  believed  that  the  increased  friction  loss  due  to  masonry 
will  be  somewhat  offset  by  the  greater  rate  of  cooling  of  an  un- 
lined  steel  chimney,  and  with  the  ordinary  heights  required  for 
burning  oil  fuel,  these  ditt'erences  will  largely  disappear. 

67  The  "  Stirling  "  book  recommends  that,  for  brick  chim- 
neys, the  diameter  be  made  6  per  cent  greater  than  for  steel.  A 
German  engineering  association  as  a  result  of  its  investigations 
recommended  for  steel  chimneys  that  the  diameter  be  nearly  one- 
third  larger  than  for  brick  chimneys. 

68  The  attendant  difficulties  in  the  exact  determination  of 
draft  loss  are  so  complicated  by  external  influences,  as  already 
pointed  out,  that  it  is  probable  that  exact  information  will  be 
long  delayed. 

69  Based  on  equation  [2]  for  the  resistance  of  a  right  angle 
turn  and  equation  [1]  for  the  resistance  of  a  flue,  a  simple  calcu- 
lation will  show  that  the  loss  due  to  velocity  head  or  the  loss 
due  to  a  right  angle  turn  at  flue  velocity  is  equivalent  to  the 
resistance  of  a  length  of  steel  flue  equal  to  10.4  diameters. 

70  Based  on  equation  [5]  the  loss  due  to  velocity  head  or  a 
right  angle  turn  at  chimney  velocity  will  be  equivalent  to  the 
resistance  of  a  height  of  steel  chimney  equal  to  13.6  diameters. 

TEMPERATURE  OF  GASES 

71  As  is  well  known,  the  temperature  of  gases  will  depend 
upon  the  type  of  boiler,  rate  of  firing  boiler,  rate  of  excess  air 
supply,  and  general  condition  of  boilers  as  affecting  thorough 
circulation  of  gases  and  absorption  of  heat. 

72  In  economical  types  of  boilers  under  test  conditions,  escap- 
ing temperatures  are  at  rating  about  425  deg.  fahr.,  or  slightly 
under,  and  at  50  per  cent  overload,  500  deg.  fahr.  or  slightly 
under.  With  economical  boilers  under  good  firing,  with  tube 
surfaces  in  good  condition,  the  boiler  temperature  should  be  about 
450  deg.  fahr,  or  under,  at  rating,  and  about  525  deg.  fahr.  or 
under,  at  50  per  cent  overload. 

73  It  is  necessary  to  allow  for  a  drop  in  temperature  between 
the  boiler  outlet  and  the  chimney  inlet,  depending  upon  the 
length  and  character  of  the  breeching,  air  infiltration,  etc. ;  also 
upon  the  number  of  idle  boilers  connected  to  the  same  breeching, 
which  may  be  passing  cold  air  through  dampers  and  which  ordi- 
narily are  not  close  fitting. 

74  In     Table     5     for    central    chimneys,    the    writer    has 
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astiuiiied  initial  ((Miiperadiic  ol  chimney  leases  42i>  (l«^g;.  lalir.  lor 
boilers  operating  at  rating,  and  500  deg.  fahr.  for  boilers  operat- 
ing at  50  per  cent  ovei-load.  For  chimneys  directly  mounted  over 
boilers  and  with  short  breeching  the  relative  temperature  enter- 
ing the  chimney  will  be  greater  than  indicated.  Under  unfavor- 
alile  firing  conditions  and  with  less  economical  types  of  boilers 
the  temperatures  are  materially  greater  than  indicated. 

ATMOSPHEIJIC  TEMPERATURE 

75  As  is  well  known,  but  frequently  overlooked,  the  temper- 
ature of  the  atmospheric  column  influences  materially  the  poten- 
tial draft  of  a  chimney.  By  referring  to  Tal)les  2  and  3  the  vari- 
ation in  draft,  and  correspondingly  the  variations  necessary  in 
chimney  height  due  to  range  of  atmospheric  temperature,  is  ap- 
preciable. During  cold  weather  record  capacities  of  chimney  are 
obtained  which  Avill  not  hold  for  extreme  summer  heat;  the  at- 
mospheric temperature  may  exceed  100  deg.  fahr.,  and  in  certain 
locations,  120  deg.  fahr.  The  location  of  the  boiler  plant  will  of 
necessity  decide  the  consideration  given  to  this  factor. 

GENERAL  FORMULA 

70  Ccmsideration  will  here  be  given  to  three  types  of  chim- 
neys, differing  in  respect  to  the  amount  of  draft  lost  between  the 
boiler  and  chimney,  as  follows: 

77  Case  I :  Indepeiident  chimney  for  each  boiler,  mounted  d'- 
rectly  on  boiler^  top  outlet  smoke  connection.  In  considering  this 
case,  the  writer  has  in  mind  the  use  of  Stirling  boilers  where  an 
A-shaped  breeching  is  usually  employed  to  connect  from  the  top 
flue  outlet  converging  to  the  chimney  diameter  along  lines  which 
involve  little  frictional  resistance  within  the  breeching.  In  such 
cases  the  breeching  may  ordinarily  be  considered  as  the  equiva- 
lent of  the  same  height  of  chimney,  and  a  separate  loss  due  to 
breeching  entirely  ignored.  Where  a  battery  of  boilers  is  con- 
nected to  one  chimney  with  an  A-shaped  overhead  breeching,  the 
case  is  but  slightly  difl'erent. 

78  Case  II :  Independent  chimneys  direct-connected  to  a  single 
boiler,  or  a  battery  of  two  boilers,  the  chimney  being  located  in 
the  rear  of  boiler  or  boilers.,  a  short  horizontal  five  being  used. 
In  this  instance  the  resistance  of  the  breeching  itself  is  almost 
negligible,  but  there  is  added,  as  compared  with  Case  I,  a  greater 
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TABLE  2     CHIMNEY  DRAFT— OIL  FUEL.     SHOWING  THEORETICAL  AND  AVAIL 

ABLE  DRAFT  IN  CHIMNEY  100  FT.  IN  HEIGHT  ABOVE  THE  POINT  OF  DRAFT 

MEASUREMENT  FOR  VARIOUS  TEMPERATURES  AT  SEA  LEVEL 


Chimney  Draft,  In. 

OF  Water 

Temperature 
of  Gases  enter- 

Temperature of  Outside 

Temperature  of  Outside 

Temperature  of  Outside 

ing  Chimney, 

Air  =60  Deg. 

Fahr. 

Air  =80  Deg.  Fahr. 

Air  = 

=  100  Deg.  Fahr. 

Deg.  Fahr. 

A 

B 

C 

A 

B 

C 

A 

B 

C 

280 

0.436 

0.414 

0.345 

0.382 

0.363 

0.303 

0.332 

0.315 

0.263 

300 

0.464 

0.441 

0.367 

0.410 

0.390 

0.325 

0.359 

0.341 

0.284 

320 

0.490 

0.466 

0.388 

0.435 

0.413 

0.344 

0.385 

0.366 

0.305 

340 

0.514 

0.488 

0.407 

0.460 

0.437 

0.364 

0.409 

0.389 

0.324 

360 

0.537 

0.511 

0.425 

0.483 

0.459 

0.383 

0.432 

0.411 

0.342 

380 

0.560 

0.532 

0.444 

0.505 

0.480 

0.400 

0.455 

0.432 

0.360 

400 

0.581 

0.550 

0.460 

0.527 

0.501 

0.417 

0.476 

0.452 

0.377 

425 

0.606 

0.576 

0.480 

0.552 

0.524 

0.437 

0.501 

0.476 

0.397 

450 

0.630 

0.598 

0.499 

0.576 

0.547 

0.456 

0.525 

0.498 

0.416 

475 

0.652 

0.619 

0.516 

0.598 

0.568 

0.475 

0.547 

0.520 

0.433 

500 

0.674 

0.640 

0.534 

0.619 

0.588 

0.490 

0.569 

0.541 

0.451 

525 

0.694 

0.659 

0.550 

0.639 

0.607 

0.506 

0.589 

0.560 

0.466 

550 

0.713 

0.678 

0.565 

0.659 

0.627 

0.522 

0.608 

0.576 

0.482 

575 

0.731 

0.694 

0.579 

0.677 

0.643 

0.536 

0.626 

0.595 

0.496 

600 

0.749 

0.712 

0.593 

0.694 

0.657 

0.550 

0.644 

0.612 

0.510 

625 

0.765 

0.727 

0.606 

0.711 

0.675 

0.563 

0.660 

0.627 

0.523 

650 

0.781 

0.742 

0.619 

0.727 

0.691 

0.576 

0.676 

0.642 

0.535 

675 

0.796 

0.756 

0.630 

0.742 

0.705 

0.588 

0.691 

0.656 

0.547 

700 

0.811 

0.768 

0.642 

0.756 

0.718 

0.599 

0.706 

0.671 

0.559 

725 

0  825 

0.783 

0.653 

0.770 

0.731 

0.610 

0.720 

0.684 

0.570 

750 

0.838 

0.797 

0.664 

0.783 

0.744 

0.620 

0.733 

0.697 

0.581 

Column  A  shows  the  theoretical  draft  due  to  a  height  of  chimney  of  100  ft.  and  =KH  where; 

H  =  height  in  feet  of  chimney  above  point  of  draft  measurement  =  100. 

K  =  theoretical  draft  per  foot  of  chimney  due  to  difference  in  weight  of  atmospheric  air  and 
chimney  gases  at  stated  temperatures,  assuming  same  relative  density  for  both  as  for  dry  air  =one 
one-hundredth  of  value  given  in  column  .-1. 

Column  B  shows  draft  in  A  corrected  for  temperature  drop  in  stack  and  density  of  flue  gases, 
B  =f  A  =f  KH.f  is  variable,  but  assumed  above  as  0.95. 

Column  C  shows  net  draft,  being  draft  in  column  B  corrected  for  friction,  assumed  as  %  of  draft 
in  column   B. 

Chimney  friction  should  be  5  total  draft  for  minimum  first  cost  of  chimney  when  mounted 
directly  over  boiler  or  battery  of  two  boilers.  This  does  not  apply  to  horizontal  breeching  or  to 
central  chimneys  combining  several  losses. 

For  altitude  draft  varies  directly  as  normal  barometer. 
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tlraft  Id.ss  in  llu*  daiuper  (»ii(l(;l  and  turn   into  Hue,  uibo  llie  loss 
due  to  a  right  angle  turn  of  the  gases  on  entering  chimney. 

79  Case  III :  A  ctntral  chimney  connected  to  a  battery  of  two 
or  more  boilers  by  'means  of  a  common  flue  of  appreciable  length. 
In  the  computation  for  this  case,  the  writer  will  assume 
the  prevailing  practice  in  Babcock  and  Wilcox  installations,  the 
damper  and  Hue  outlet  being  directly  in  the  rear  and  there  being 
a  straight  run  of  flue  to  chimney.  In  this  instance  there  is  in- 
Nolved  not  only  the  loss  through  tlie  damper  outlet,  but  the  loss 
due  to  the  turn  from  the  damper  outlet  into  the  breeching,  loss 
due  to  friction  of  the  breeching,  and  also  that  due  to  the  right 
angle  turn  from  the  breeching  into  the  chimney.  A  modification 
of  this  arrangement  would  include  installations  where  there  is  :i 
resistance  due  to  turns  of  the  breeching  in  which  instances  losses 
may  be  minimized  by  avoiding  sharp  bends. 

80  The  fundamental  formula,  ignoring  economizers  for  the 
present,  is  written  by  equating  the  potential  draft  of  chimney 
and  the  sum  of  various  resistances 

fKH  =  D,-\-D,  +  D,  +  />,  +  />,  +  Z>,  +  Z>, [6] 

in  which 

/,  /i ,  H  are  as  heretofore  stated 

D^  =z  draft  resistance  of  boiler  measured  on  boiler  side  of 
damper 

v.,  =  draft  resistance  due  to  damper  box 

Z>3  =  draft  resistance  due  to  right  angle  turn  into  breech- 
ing 

D^  =  draft  resistance  due  to  straight  length  of  breeching 

Z>5  ^  draft  resistance  due  to  turns  in  breeching 

Z>a  = —  draft  resistance  due  to  turn  from  breeching  into 
chimney 

D^  =:  draft  resistance  of  chimney  calculated  in  accordance 
with  [5] 

81  D^  and  D^  usually  depend  on  the  boiler  in  question,  and 
required  load  or  overload.  Since  the  flue  area  is  usually  fixed 
by  the  chimney  area,  the  values  of  D^,  D^,  Z>5,  D^  and  Z>-  are 
interrelated  as  more  fully  explained  below. 

82  When  investigating  an  existing  plant  under  assumed  load 
conditions,  it  is  merely  necessary  to  calculate  the  various  load 
resistances,  comparing  their  total  with  that  Avhich  the  chimne}' 
is  capable  of  producing. 
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8?>     Fvv  Case  J,  V^,  /\,  /'',.  and  /^,,  disapi)ear,  ami  llie  eciiiatioii 
becomes 

/A-//  =  Z;,+ft+?:l^ m 

from  which 


B.h.p.  =  ^""^^^^J/^^-(^-+gg) [8] 

G  >        2.3  ^r 

in  Avhich 

G  =  lb.  of  chiiuiiey  gases  per  b.h.p.  per  hour 

84  Table  3  gives  chimney  capacities  for  Case  I  based  on  selec- 
ti(m  of  height  and  diameter  for  minimum  first  cost  of  chimney 
as  explained  below. 

85  The  treatnient  for  Case  II  is  simple,  after  considering  the 
more  general  Case  III.  For  the  latter  it  will  be  assumed  that 
all  Hues  are  rectangular  in  shape,  having  a  depth  of  1.5  times  the 
width,  giving  a  flue  resistance  15  per  cent  in  excess  of  that  for  a 
circular  flue  of  equal  area  and  length,  which  length  of  flue  is  ten 
times  the  chimney  diameter;  that  flue  area  is  maintained  sub- 
stantially its  entire  length;  and  that  owing  to  the  decreasing 
velocities  at  increasing  distances  from  chimney,  the  actual  re- 
sistance of  the  straight  run  of  breeching  will  be  practically  equiv- 
alent to  that  having  uniform  velocity  its  entire  length,  but  5 
chimney  diameters  in  length  instead  of  10  chimney  diameters  its 
actual  length.  /^^  will  be  as  found  from  test.  D^  and  D^  cannot 
easily  be  separated  and  will  be  considered  as  D^  properly  eval- 
uated from  test.    Then 


-© 


2.3  WK  _... 

D.  = '^■- f9] 

d' 

D^  disappears  from  Case  III ;  l)ut  when  breeching  contains  a 

right  angle  turn,  Z^g  may  be  taken  as  equivalent  to  the  resistance 

of  chinmev  height  of  9.4  chimnev  diameters.     Then 


2.3  1^' 

£>6  = 


/13.6d\ 


[10] 


d^ 
E(piation  [6]   may  now  be  written 


«ff=m+A)+^-^'^"^(j/+^ Ill) 

d^       \  VI    I 
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The  coefficient    -^  =  1.55 ;  in  the  table  for  central  chimneys  this 

term,  for  simplicity  of  calculation,  has  been  taken  as  1.5. 

.S6  As  equation  [11 J  involves  terms  of  the  fourth  and  fifth 
powers,  it  is  simpler  to  calculate  the  boiler  horsepower  of  chim- 
ney from  assumed  diameter  and  height,  when  [11]  finally  be- 
comes 

B.h.p.  =  ^^-^  ^^JfKH-(D.+D^ ^12] 

87  In  computing  the  table  of  capacity  for  central  chimneys. 
Case  III,  D^  -f  D^  has  been  taken  as  0.15  in.  for  boilers  at  rating 
and  0.3  in.  for  boilers  for  50  per  cent  overload,  which  values  are 
conservative  for  standard  boilers,  12  tubes  high;  for  9  high 
boilers  the  height  may  be  slightly  reduced,  and  for  14  high 
boilers  the  height  should  be  increased  in  keeping  with  draft  re- 
sistance data  above  given.  Table  4  gives  calculated  capacities 
for  Case  III  based  on  various  other  assumed  data  given  in  tables 
and  explained  in  the  footnotes. 

88  For  Case  II,  in  which  the  resistance  of  straight  run  of 

breeching  is  neglected,  the  coefficient  of  d,  1.5,  in  the  term  {H  -j- 

13.6 
1.5  d),  equation  [12]  becomes  instead,  ^^   or  1.13;  where  one 

chimney   is   connected   to   two  boilers   symmetrically   arranged^ 
there  is  a  right  angle  turn  in  breeching,  as  well  as  into  chimney, 

and  the  above  coefficient  becomes     — '- — lH '—     or  1.92  approxi- 

12 

mately. 

89  For  Case  III,  considering  one  right  angle  turn  in  breech- 
ing, the  coefficient  of  d  becomes  2.33. 

90  In  the  foregoing  it  is  assumed,  as  stated  above,  that  the 
total  flue  area  is  20  per  cent  greater  than  chimney  area. 

91  A  study  of  the  term  {H -\- 1.5  d),  equation  [12],  shows 
that  for  the  conditions  assumed,  the  resistance  of  flue  and  turn 
into  chimney,  both  dependent  on  chinmey  diameter,  is  of  as  much 
influence  on  chimney  performance  as  the  resistance  of  chimney 
itself,  whenever  the  height  of  chimney  above  the  point  of  draft 
measurement  is  less  than  12X1-5  or  18  diameters.  Thus,  in  a  5-ft. 
chimney  the  above-named  friction  losses  equal  the  chimney  fric- 
tion when  chimney  height  above  point  of  draft  measurement  is 
90  ft.  or  less. 
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CHIMNEY    PROPORTIONS    FOR    MINIMUM    FIRST    COST    OF    CHIMNEY 

92  It  is  obvious  that  an  indefinite  increase  in  the  diameter  of 
chimney  will  not  decrease  the  height  below  that  necessary  to 
maintain  the  draft  corresponding  to  the  fixed  boiler  resistances. 
An  increase  in  height  will  reduce  the  diameter  only  to  the  point 
where  the  added  draft  per  foot  of  height  equals  the  chimney  re- 
sistance per  foot  of  height.  Between  these  two  extremes  there 
are  numberless  combinations  of  height  and  diameter  which  will 
maintain  the  desired  draft  at  base  of  chimney  or  the  rear  of 
boiler.  But  for  a  given  set  of  conditions  and  for  the  type  of  con- 
struction under  consideration  there  is  but  one  height  and  one 
diameter  resulting  in  a  chimney  of  least  first  cost. 

93  The  simplest  case  is  that  for  steel  chimneys  having  a  given 
average  thickness  of  material,  the  cost  of  chimney  being  propor- 
tional to  the  product  of  height  and  chimney  diameter. 

94  For  Case  I,  the  final  equation  for  minimum  first  cost,  de- 
rived by  the  method  of  differential  calculus,  is  reducible  to  sim- 
plest form.  A  chimney  of  least  first  cost,  for  the  simple  case 
stated,  for  a  constant  maintained  draft  inside  chimney  at  chim- 
ney base,  is  that  in  which  the  frictional  resistance  of  chimney  is 
one-sixth  of  the  potential  draft  of  chimney. 

95  This  relationship  was  first  stated  in  the  book  "  Stirling," 
but  incorrectly,  as  regards  central  chimneys  as  well  as  direct 
mounted  chimneys,  as  in  Case  I.  For  Cases  II  and  III  this  rela- 
tionship will  not  apply,  and  no  simple  formula  can  be  derived 
for  these  cases,  owing  to  the  resistance  of  breeching  and  chimney 
inlet,  the  latter  involving  terms  of  the  fourth  power.  Resistance 
of  chimne}^  and  breeching  introduces  terms  of  the  fifth  power, 
the  final  equation  of  minimum  cost  being  too  complex  for  ordi- 
nary engineering  purposes.  Equating  the  chimney  resistance  and 
one-sixth  of  potential  draft  of  chimney  we  have 

1  2_^jr^ ,13) 

It  is  apparent  that  the  term  H  disappears,  simplifying  [13]  to 
B.h.p.  =  «^'  VdT   Li^ 

G  ^  2.3  T 

96  The  draft  at  base  of  chimney  becomes,  by  the  above  rela- 
tionship, five-sixths  of  potential  draft  of  chimney.  Column  G^ 
Table  1,  gives  chimney  drafts  on  the  above  basis.    Table  3  gives 
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TABLE  4— PART  1  APPROXIMATK  MAXIMUM  CAI'ACi'rV;  ACTUAL  BOILER  HORSE- 
POWER; STEEL  CHIMNEYS  WITH  SHORT  FLUES;  CHIMNEYS  CENTRALLY 
LOCATED;  STATIONARY  B.  &  W.  BOILERS. 

Based  on  Atmospheric  TEMPERATtntio  ok  SO   dkg.   fahk.  ;  Sea   Level,  and  Other 
Assumed  Data.     Oil  Fuel 

Ratio  of  actual  boiler  h.p.  to  rated  boiler  h.p.,  per  cent 100 

Draft  in  inches  of  water  at  boiler  outlet,  chimney  side  of  damper 0 .  16 

Corresponding  excess  air  through  boiler,  per  cent 50 

Assumed  excess  air  supply  for  determining  boiler  efficiency,  chimney  diameter  and  draft 

resistance  of  chimney  and  breeching,  per  cent 50 

Assumed  temperature  of  gases  leaving  boiler,  deg.  fahr 450 

Assumed  temperature  of  gases  entering  chimney,  deg.  fahr 425 

Assumed  boiler  efficiency,  working,  not  test  conditions,  per  cent 75.4 

Assumed  lb.  of  chimney  gases  per  actutd  boiler  h.p 52 . 8 


Diam- 

Area, 
Sq.  Ft. 

Height  in  Feet  abc 

ve  Boiler  Room  Floor  Line 

eter,  In. 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

18 

1  77 

57 

77 

88 

97 

103 

108 

112 

115 

118 

120 

122 

124 

21 

2  41 

81 

109 

127 

139 

149 

156 

162 

167 

171 

175 

178 

180 

24 

3.14 

110 

149 

173 

190 

204 

214 

222 

229 

235 

240 

245 

249 

27 

3  OS 

144 

194 

226 

250 

268 

282 

293 

303 

311 

318 

325 

330 

30 

4  91 

182 

247 

288 

318 

342 

361 

376 

388 

400 

409 

417 

424 

33 

5.94 

224 

306 

358 

396 

427 

450 

470 

486 

500 

513 

523 

533 

36 

7.07 

272 

372 

436 

483 

521 

550 

.575 

596 

614 

629 

642 

655 

39 

8.30 

325 

444 

521 

582 

626 

662 

692 

718 

740 

758 

776 

790 

42 

9.62 

382 

522 

615 

686 

741 

785 

821 

852 

880 

902 

923 

940 

45 

11.05 

444 

610 

719 

801 

869 

920 

961 

1000 

1030 

1060 

|1080 

1110 

48 

12.57 

512 

702 

830 

927 

1000 

1060 

1120 

1160 

1200 

1230 

1260 

1290 

54 

15.90 

660 

911 

lOSO 

1210 

1310 

1390 

1460 

1520 

1570 

1610 

1660 

1700 

60 

19.64 

827 

1150 

1360 

1520 

1660 

1760 

1860 

1940 

2000 

2000 

2110 

2160 

66 

23.76 

1020 

1410 

1670 

1880 

2050 

2180 

2300 

2400 

2480 

2560 

2630 

2690 

72 

28.27 

1220 

1700 

2020 

2280 

2490 

2650 

2790 

2910 

3030 

3130 

3210 

3290 

78 

33.18 

1450 

2020 

2400 

2710 

2970 

3170 

3340 

3490 

3620 

3750 

3850 

3950 

84 

38.49 

1690 

2370 

2830 

3190 

3490 

3730 

3940 

4130 

4280 

4430 

4560 

4670 

90 

44.18 

i960 

2740 

3280 

3710 

4060 

4350 

4600 

4810 

5000 

5170 

5320 

5460 

96 

50.27 

2250 

3150 

3770 

4260 

4670 

5000 

5300 

5560 

5780 

5980 

6160 

6320 

102 

.56 .  75 

2560 

3580 

4290 

4850 

5320 

5710 

6050 

6340 

6610 

6850 

7060 

7250 

108 

63 .  62 

2880 

4030 

4840 

5480 

6030 

6470 

6850 

7180 

7500 

7770 

8010 

8230 

114 

70.88 

3220 

4510 

5440 

6170 

6780 

7280 

7720 

8100 

8440 

8750 

9050 

9300 

120 

78.54 

3580 

5030 

6060 

6870 

7560 

8130 

8630 

9060 

9440 

9800 

10100 

10400 

126 

86.59 

3960 

5580 

6710 

7630 

8380 

9030 

9590 

10100 

10510 

10900 

11300 

11600 

132 

95.03 

4390 

6150 

7420 

8420 

9260 

9990 

10600 

11200 

11700 

12100 

12500 

12900 

138 

103.9 

4800 

6730 

8150 

9270 

10200 

11000 

11700 

12300 

12800 

13300 

13800 

14200 

144 

113.1 

5230 

7370 

8920 

10200 

11200 

12000 

12800 

13500 

14100 

14600 

15100 

15600 

156 

132.7 

6210 

8730 

10600 

12000 

13200 

14300 

1.5200 

16000 

16700 

17400 

18000 

18600 

168 

153.9 

7190 

10200 

12300 

14000 

15500 

16800 

17800 

18800 

19700 

20500 

21200 

21900 

180 

176.7 

8350 

11800 

14300 

16200 

17900 

19400 

20700 

21800 

22900 

23800 

24700 

25400 

Effective  height  of  chimney  or  height  above  point  of  draft  measurement  assumed  12  ft.  leas 
than  tabulated  heights  corresponding  to  12  high  B.  &  W.  boilers,  7  ft.  furnace  height.  Draft 
resistance  of  boiler  correct  for  12  high  boilers:  capacities  somewhat  less  for  14  high  and 
greater  for  9  high.  Capacity  reduced  by  long  breeching.  For  correction  for  altitude.  Table  5 
or  draft  calculations.  Table  2:  for  boiler  efficiencies.  Table  1;  for  capacity  independent  chimneys, 
able  3.     When  building  conditions  permit,  select  chimneys  of  least  height  in  table  for  minimum 
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I'AMLE  4— l'AHT2  A1'1MU)X1.MATE  MAXIMUM  GAI'ACITY;  ACTUAL  liOll.KU  llOUSlv 
I'OWEl?;  STKKI,  CHIMNEYS  WITH  SHORT  FLUIOS;  CHIMNKVS  CENTllALI.V 
l,OCATED;  STATIONARY  B.  &  W.  ROILERS 

Hased  on  Atmospheric  Temperaturk  of  SO  oeg.  I'ahk.;  Sea  Level,  ano  Other  Assumed 
Data.    Oil,  Fuel  , 

Ratio  of  actual  boiler  h.p.  to  rated  boiler  h.p.,  per  cent 150 

Draft  in  inches  of  water  at  boiler  outlet,  chimney  aide  of  damper 0 .  30 

Corresponding  exce.'is  air  through  boiler,  per  cent Less  than  50 . 

Assumed  excess  air  supply  for  determining  boiler  efficiency,  chimney  diameter  and  draft 

resistance  of  chimney  and  breeching,  per  cent 50 

Assumed  temperature  of  gases  leaving  boiler,  deg.  fahr 525 

Assumed  temperature  of  gases  entering  chimney,  deg.  fahr 500 

Assumed  boiler  efficiency,  working,  not  test  conditions,  per  cent 73 . 0 

Assumed  lb.  of  ohinmey  gases  per  actual  boiler  h.p 54 . 6 


Diameter, 

Area, 
Sq.  Ft. 

Height 

in  Feet  above  Boiler  Room  Floor  Line 

In. 

80 

90 

100 

110 

120 

130 

140 

150 

160 

18 

1.77 

63 

75 

84 

91 

96 

101 

104 

108 

110 

21 

2.41 

90 

108 

121 

131 

1.39 

146 

151 

166 

160 

24 

3.14 

123 

148 

166 

180 

191 

201 

208 

216 

221 

27 

3.98 

161 

195 

219 

238 

253 

265 

276 

285 

293 

30 

4.91 

206 

249 

280 

304 

324 

340 

364 

366 

377 

33 

5.94 

256 

310 

349 

381 

405 

426 

444 

459 

472 

36 

7.07 

312 

379 

427 

466 

497 

523 

545 

564 

581 

39 

8.30 

376 

455 

514 

561 

599 

631 

657 

681 

701 

42 

9.62 

443 

539 

609 

666 

711 

749 

782 

810 

835 

45 

11.05 

518 

630 

713 

779 

834 

879 

918 

952 

981 

48 

f2.57 

599 

729 

827 

904 

967 

1020 

1070 

1110 

1140 

54 

15.90 

779 

951 

1080 

1180 

1270 

1340 

1400 

1460 

1500 

60 

19.64 

985 

1200 

1370 

1500 

1610 

1710 

1790 

1860 

1920 

66 

23.76 

1220 

1490 

1700 

1860 

2000 

2120 

2220 

2310 

2390 

72 

28.27 

1470 

1810 

2060 

2260 

.2430 

2580 

2710 

2820 

2910 

78 

33.18 

1750 

2150 

2460 

2710 

2910 

3090 

3250 

3380 

3500 

84 

38.49 

2060 

2530 

2900 

3190 

3440 

3660 

3840 

4000 

4150 

90 

44.18 

2390 

2950 

3370 

3720 

4010 

4260 

4480 

4670 

4850 

96 

50.27 

2750 

3390 

3880 

4290 

4630 

4920 

5180 

6400 

5610 

102 

56.75 

3140 

3870 

4440 

4900 

5290 

5630 

5930 

6190 

6430 

108 

63.62 

3550 

4380 

5020 

5550 

6000 

6390 

6730 

7030 

7300 

114 

70.88 

3990 

4920 

5650 

6250 

6760 

7200 

7590 

7930 

8250 

120 

78  54 

4440 

5490 

6310 

6990 

7560 

8060 

8490 

8890 

9240 

126 

86.59 

4930 

6100 

7020 

7770 

8410 

8970 

9460 

9900 

10300 

132 

95.03 

5450 

6740 

7760 

8600 

9310 

9930 

10500 

11000 

11400 

138 

103.9 

5990 

7420 

8530 

9460 

10300 

10900 

11600 

12000 

12600 

144 

113.1 

6550 

8120 

9350 

10400 

11200 

12000 

12700 

13300 

13800 

156 

132.7 

7760 

9630 

11100 

12300 

13400 

14300 

15100 

15800 

16500 

168 

153.9 

9060 

11300 

13000 

14400 

15700 

16800 

17700 

18600 

19400 

180 

176.7 

10500 

13000 

15100 

16700 

18200 

19600 

20600 

21600 

22600 

cost  of  chimney.  Maximum  chimney  capacities  stated  are  for  uniform  continuous  load  equally 
divided  all  boilers.  For  large  plants  subject  to  hand  regulation,  or  for  swinging  load,  reduce  capac- 
ity from  10  to  20  per  cent.  If  boilers  have  superheaters  increase  b.h.p.  to  include  heat  absorbed 
by  superheater.  Breeching  20  per  cent  excess  stack  area,  without  turns,  length  not  exceeding  10 
chimney  diameters;  boilers  uniformly  distributed  along  breeching;  breeching  depth  =1.5  Xwidth. 
For  capacities  of  chimneys  with  economizers,  see  Table  7.  For  economizer  draft  resistanct',  see 
T.ihie  6. 
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capacities  of  economical  chimneys  for  various  assumed  condi- 
tions, also  heights  for  various  required  drafts.  It  will  be  noted 
that  diameter  is  dependent  only  on  boiler  horsepower,  and  height 
dependent  only  on  draft  resistance  of  the  boiler  in  question,  in- 
formation which  must  be  supplied  by  the  designer.  Table  3  in- 
dicates chimneys  of  relativeh'  large  diameter  but  moderate 
height.  Whenever  conditions  compel  greater  chimney  height 
than  given  in  table,  the  diameter  may  be  reduced  to  maintain 
the  required  draft  at  chimney  base,  in  accordance  with  equa- 
tion [7]. 

97  The  loAv  chimneys  indicated  by  Table  3  are  noteworthy. 
For  example :  Assuming  a  Stirling  boiler,  requiring  0.1  in.  draft 
at  rating,  with  450  deg.  temperature,  draft  measurement  15  ft. 
above  floor  line,  for  60  deg.  atmosphere  the  height  of  chimney  by 
interpolation  is  about  20  ft.,  to  which  must  be  added  the  15  ft., 
making  a  total  height  of  35  ft.  above  floor.  Under  test  condi- 
tions the  draft  in  certain  sizes  is  as  low  as  0.05  in.,  for  which 
the  height  would  be  11  ft.  plus  15  ft.  or  26  ft.  above  floor.  At 
100  per  cent  overload  this  total  height  would  be  increased  to 
from  50  to  100  ft.,  depending  on  assumed  draft  resistance  of 
l)oiler,  atmospheric  temperature,  etc. 

98  In  general,  it  may  be  said  that  for  Cases  II  and  III  the 
chimney  of  least  first  cost  will  be  of  moderate  height,  although 
this  height  will  of  necessity  be  somewhat  greater  than  indicated 
by  Table  3  for  Case  I.  The  least  height  in  Table  4  corresponds 
to  minimum  first  cost  for  the  range  of  height  intervals  chosen. 
A  cut-and-try  method  must  be  resorted  to  for  greater  refinement. 

REDUCTION    OF    STACK    CAPACITY    AT    ALTITUDES 

99  The  writer  is  not  aware  of  any  treatise  dealing  correctly 
Avith  stack  capacities  at  altitudes,  either  for  coal  or  for  oil  fuel. 
Heretofore  it  has  been  assumed  that  the  stack  height  increases  in- 
versely as  the  barometric  pressure  and  that  the  stack  diameter 
increases  inversely  as  the  two-fifths  power  of  the  barometric 
]:)ressure,  all  other  boiler  and  chimney  data  remaining  constant. 
This  relationship  is  based  on  the  assumption  of  constant  draft, 
measured  in  inches  of  water  at  the  base  of  chimney  for  a  given 
rate  of  firing  of  boilers,  either  expressed  in  lb.  of  coal  per  sq.  ft. 
of  grate  surface  or  in  ratio  of  rated  capacity  when  burning  fuel 
oil,  regardless  of  altitude,  an  assumption  wholly  incorrect. 

100  Whenever  a  chimney  is  working  at  maximum  capacity 
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either  at  sea  level  or  at  an  altitude,  it  is  evident  that  the  entire 
potential  draft  is  utilized  in  overcoming  the  various  resistances, 
each  proportional  to  the  square  of  the  velocity,  which  varies  in 
different  points  in  the  path  of  the  gases. 

101  Owing  to  the  fixed  areas  along  the  path,  all  velocities 
may  be  related  to  a  common  velocity,  say  that  within  the  chim- 
iie}^,  and  therefore  all  resistances  in  a  given  boiler  plant  for  a 
given  temperature  of  gases,  etc.,  may  be  expressed  as  propor- 
tional to  the  square  of  the  chimney  velocity. 

102  The  total  resistance  to  flow  in  terms  of  velocity  head  may 
be  expressed  in  terms  of  the  weight  of  a  column  of  external  air, 
and  the  numerical  value  of  this  head  will  be  independent  of  the 
barometric  pressure.  Likewise  the  potential  draft  of  a  chimney, 
expressed  in  height  of  column  of  external  air,  will  be  numerically 
independent  of  the  barometric  pressure. 

103  It  is  therefore  evident  that  if  a  given  boiler  plant  with 
connected  chimney,  operated  with  a  fixed  fuel,  be  transplanted 
from  sea  level  to  an  altitude  and  if  the  temperatures  remain  con- 
stant (an  assumption  not  entirely  correct),  the  total  draft  head, 
measured  in  height  of  column  of  external  air,  will  be  numeri- 
cally constant.  The  velocity  of  chimney  gases  will  therefore  re- 
main the  same  at  altitude  as  at  sea  level,  and  the  weight  of  gases 
flowing  per  second  with  fixed  velocity  will  be  proportional  to 
the  atmospheric  density,  or  inversely  proportional  to  the  normal 
barometric  pressure. 

104  Hence,  except  for  errors  due  to  assumption  of  constant 
temperatures  of  gases,  it  may  be  stated  that  the  maximum  capac- 
ity of  a  given  boiler  plant  with  a  fixed  size  of  chimney  and  fixed 
fuel  will  decrease  at  altitudes  higher  than  sea  level  at  a  rate 
directly  proportional  to  barometric  height.  For  example :  At  an 
altitude  of  approximately  5764  ft.,  the  normal  barometric  pres- 
sure would  be  SO  per  cent  of  the  barometer  at  sea  level,  and  a 
chimney  connected  to  a  given  plant,  giving  a  maximum  capacity 
of  1000  b.h.p.  at  sea  level,  would  give  not  more  than  800  b.h.p.  at 
this  altitude.  However,  corresponding  to  the  reduction  in  rate 
of  load  on  boilers,  there  would  be  a  decrease  in  the  temperature 
of  boiler  and  chimney  gases,  tending  under  normal  conditions  to 
a  still  further  reduction  in  maximum  capacity. 

105  An  error  commonly  made  in  the  consideration  of  stack 
capacities  at  altitudes  is  to  assume  that  a  given  grade  of  fuel  at 
a  fixed  boiler  rating  will  require  at  an  altitude  the  same  draft, 
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measured  in  inches  of  water,  at  boiler  damper  as  at  sea  level.  It 
is  evident  that  to  develop  a  given  boiler  horsepower  requires  a 
constant  weight  of  chimney  gases  and  air  for  combustion.  Hence 
as  the  altitude  is  increased  the  density  is  decreased  and,  corre- 
spondingly, the  velocity  through  the  furnace,  the  bed  of  coal,  or 
the  firebrick  checkerwork  and  the  boiler  passes,  must  be  greater 
at  altitude  than  at  sea  level.  The  mean  velocity,  therefore,  for  a 
given  boiler  horsepoAver  and  constant  weight  of  gases  will  be  in- 
versely proportional  to  the  barometric  pressure  and  the  velocity 
head,  measured  in  column  of  external  air,  will  be  inversely  pro- 
portional to  the  square  of  the  barometric  pressure. 

106  It  is  possible  and  usually  desirable  in  coal  burning  to 
select  a  differently  arranged  boiler  for  altitudes,  particularly  in 
the  West,  increasing  the  relative  grate  surface  not  only  because 
of  reduction  of  draft  loss,  but  also  by  reason  of  the  poorer  grades 
of  coal,  excessive  ash  content,  etc.  These  considerations,  how- 
ever, do  not  apply  with  oil  fuel,  although  it  is  possible  but  not 
desirable  to  modify  the  arrangement  of  the  boiler,  reducing  some- 
what its  draft  resistance. 

107  A  given  chimney  with  gases  at  a  fixed  velocity,  tempera- 
ture, etc.,  will  result  in  a  draft  head,  measured  in  height  of  col- 
umn of  external  air,  nmnerically  independent  of  the  barometer. 
The  absolute  draft  pressure,  measured  in  inches  of  water,  will 
therefore  be  inversely  proportional  to  barometric  pressure. 

108  It  follows  that  for  chimneys  operating  at  altitude,  it  is 
necessary  not  only  to  increase  the  height,  but  also  the  chimney 
diameter.  Corresponding  to  the  increase  in  height,  there  is  an 
added  resistance  within  the  chimney  owing  to  the  friction  of  the 
additional  height.  This  frictional  loss  can  be  compensated  by  a 
suitable  increase  in  the  diameter,  and  when  so  compensated  it  is 
evident  that  the  chimney  height  must  be  increased  at  a  ratio  in- 
versely proportional  to  the  square  of  the  normal  barometric  pres- 
sure. 

109  For  Case  I  in  which  the  chimney  is  mounted  directly  on 
top  of  the  boiler,  the  gases  entering  the  chimney  without  right 
angle  turn,  a  simple  calculation,  based  on  equation  [8],  will  indi- 
cate that  the  diameter  of  the  chimney  must  be  increased  inversely 
as  the  two-fifths  power  of  the  barometric  column.  For  example, 
for  a  height  of  5764  ft.  the  normal  barometer  would  be  80  per 
cent  of  that  at  sea  level,  and  the  height  increases  in  the  ratio  of 
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I.5G"25  iiisleiicl  oi'  i.25  as  is  comiiionly  assumed;  the  ratio  ol"  diam- 
eters will  be  1.09. 

110  If  a  chimiie}-  lia\iiig  height  and  diameter  for  miiiimiuii 
first  cost  be  selected  for  sea  level  corresponding  to  a 'certain  rat- 
ing of  boilers,  then  for  Case  I  the  modificatiou  indicated  will  still 
result  in  the  most  economical  ciiimney  for  operation  at  altitude. 

111  For  Cases  II  and  III  the  eft'ective  chimney  height  may 
still  be  increased  in  inverse  proportion  to  the  square  of  the  nor- 
mal barometer,  and  the  diameter  of  chimney  and  breeching  must 
also  be  increased  in  such  ratio  that  the  modified  chimney  and 
breeching  will  have  the  same  frictional  resistance  at  sea  level  as 
before  increasing  the  chimney  height  at  sea  level.  In  other 
words,  the  coefficient  of  resistance  of  chimney  and  breeching 
must  remain  a  constant.  In  the  general  Case  III  it  was  neces- 
sary to  assume  a  relationship  between  flue  length  and  chimney 
diameter;  however,  with  the  same  boiler  plant  transplanted  to 
an  altitude,  there  is  not,  of  necessity,  any  change  in  flue  length. 
Therefore,  if  length  and  diameter  of  flue  remain  unchanged  at 
altitude  its  coefficient  of  resistance  remains  constant. 

112  If  the  chimney  diameter  be  increased  at  altitude  in  the 
ratio  set  forth  for  Case  I  and  the  breeching  be  increased  to  20 
per  cent  excess  area,  as  for  sea  level,  then  with  constant  length 
of  breeching  the  coefficient  of  resistance  of  both  breeching  and 
chimney  inlet  actually  decreases,  indicating  that  by  applying  to 
Cases  II  and  III  the  same  correcting  factor  as  for  Case  I,  the 
modified  chimney  will  not  only  be  ample,  but  slightly  larger  than 
necessary, 

113  The  general  formulae  for  altitudes  are  derived  as  follows: 
Let 

P^  =  normal  barometric  pressure  at  sea  level 

P    =  normal  barometric  pressure  at  idtitude,  and 

Pa 

Then  if  A',  />„  D^,  etc.,  still  indicate  values  for  sea  level,  and  // 
and  r?  new  values  at  altitude,  equation  |"7]  becomes 


fKH_^U,  ^,2.SW^TH^ 


also  equation  [8]  becomes 


=  R  (D,+D2+     '"^^      [15] 
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B.h.p.  =  ^-^~Vrf^       ^^1____ [16] 

G  ^2.3HT 

Likewise  equation  [12]  becomes 

B.h.p.  =  —  Vrfs    , lJ-'L 

G  V2.3T(i/+1.5d) 

114  Equation  [17]  assumes  breeching  length  10  chimney  di- 
ameters, which  is  not  necessarily  the  case,  as  pointed  out  above. 

115  It  is  apparent  that  T  is  not  modified  by  altitude,  with 
the  same  rate  of  load  on  boilers  and  the  same  excess  air. 

116  Table  5  gives  correcting  factors  for  various  altitudes. 

MODIFICATION   OF   CHIMNEY    CAPACITY   DUE   TO   FUEL   ECONOMIZERS 

117  Owing  to  the  comparatively  small  draft  required  when 
burning  crude  oil,  it  is  unnecessary  to  resort  to  mechanical  draft 
when  installing  fuel  economizers. 

118  It  is  self-evident  that  if  economizers  be  added  to  an  exist- 
ing boiler  plant,  the  available  draft  at  boiler  outlet  will  be  de- 
creased, not  only  b_v  reason  of  the  added  frictional  resistance  of 
fuel  economizers,  but  also  because  of  the  lowering  of  the  temper- 
ature of  gases  within  the  chimney.  It  is  also  clear  that  the  chim- 
ney dimensions  must  be  modified  to  counteract  these  infiuences. 

119  For  the  purpose  of  this  paper,  the  writer  has  assumed 
the  economizer  dimensions  as  given  in  the  Green  Fuel  Econo- 
mizer Company's  catalogue.  In  determining  the  draft  resistance 
of  economizers  there  is  involved  not  only  the  possible  increased 
number  of  flue  turns  due  to  the  installation  of  economizer,  but 
also  the  frictional  resistance  of  economizer  tubes. 

120  The  writer  has  assumed  that  an  economizer  should  be  in- 
stalled with  an  ample  area  for  the  flow  of  gases  with  the  econo- 
mizer "  side  dampers  "  closed,  and  the  resistance  of  the  econo- 
mizers has  been  determined  on  this  basis;  the  opening  of  side 
dampers  then  provides  latitude  for  increased  draft  at  boiler. 

121  The  resistance  data  for  economizers  indicates  a  lack  of 
concordance,  doubtless  due  to  the  fact  that  draft  observations  are 
usually  made  incidental  to  boiler  and  economizer  tests  and  not 
for  the  specific  purpose  of  noting  the  draft  resistance  of  econo- 
mizers. Owing  to  error  of  readings,  the  draft  resistance  of  econo- 
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mizer  being  estimated  as  a  dill'erence  of  two  draft  observations, 
it  is  possible  that  the  errors  may  be  in  opposite  directions,  tend- 
ing to  increase  the  actual  draft  resistance,  or  vice  versa.  Draft 
readings  may  be  influenced  by  the  velocity  of  flow  of  gases  or  by 
the  relative  heights  of  the  tAvo  points  of  observation. 

122  Gas  analyses  are  usually  taken  at  the  boiler  and  not  in  the 
economizer  setting,  so  that  tests  of  record  do  not  indicate  closely 
the  degree  of  excess  air  passing  through  economizer  or  the  influ- 
ence of  air  leakage  in  flues  and  economizer  setting. 

TABLE  5     CORRECTION  FOR  ALTITUDE;  CHIMNEY  CAPACITIES.  OIL  FUEL 


R 

m 

K| 

Altitude,  Feet 

Normal 

Ratio  Barometer 

Ratio   Increase 

Ratio  Increase 

above  Sea  Level 

Barometer 

Readings — Sea 

Effective  Stack 

Stack 

Level  and  Altitude 

Height 

Diameter 

0 

30.00 

1.000 

1.000 

1.000 

1000 

28.88 

1.039 

1.079 

1.015 

2000 

27.80 

1.079 

1.164 

1.030 

3000 

26.76 

1.121 

1.257 

1.047 

4000 

25.76 

1.165 

1.356 

1.063 

5000 

24.79 

1.210 

1.464 

1.079 

6000 

23.87 

1.257 

1.580 

1.096 

7000 

22.97 

1.306 

1.706 

1.113 

8000 

22.11 

1.357 

1.841 

1.130 

9000 

21.28 

1.410 

1.988 

1.147 

10000 

20.49 

1.464 

2.144 

1.165 

123  Logically,  the  draft  resistance  of  an  economizer  is  pro- 
portional to  the  square  of  the  velocity  of  flue  gases,  and  to  the 
length  of  economizer.  The  velocity  of  gases  is  directly  propor- 
tional to  the  boiler  horsepower,  with  an  assumed  excess  air  sup- 
ply, and  inversely  proportional  to  the  net  area  of  the  economizer, 
side  dampers  closed,  and  likewise  proportional  to  the  mean  abso- 
lute temperature  of  gases  within  the  economizer.  The  draft 
resistance  of  the  economizer  for  sea  level  has  thus  been  formulated 
as  follows: 


I>e  = 


/B.h.p.xrV 


A       /      T    10' 


in  which 

D   =  draft  resistance  of  economizer 

e 

B.h.p.  —  boiler  horsepower  actually  developed,  a  quantity 
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TABLE   6 — PART  1     APPROXIMATE    DRAFT    RESISTANCE.    INCHES   OF    WATER; 

STANDARD  GREEN  FUEL  ECONOMIZERS  WITHOUT    SIDE    DAMPERS;    4    SQ. 

FT.  OF  ECONOMIZER  HEATING  SURFACE  PER  RATED  B.H.P.  OF  BOILER. 
Based  on  50  j-kr  cent  Excess  of  Aik  Supply;  Fkedwatkj!  Temperature  l.'iO  dbo.. 

Sea  LeveLj  and  Other  Assumed  Data.     Oil  Fuel. 


Draft  Resistances  in  Inches  of  Water  Column  for  various  Widths  and  Lengths. 


Boilers  at  100  per  cent  load  of  rated   capacity. 


Temperature  gases  entering  economizer,  deg 425 

Temperature  gases  leaving  economizer,  deg 275 

Average  temperature  in  economizer,  deg 350 

Gases  per  b.h.p.  of  boilers,  lbs 52 . 8 


Assumed  b.h.p.  of  economizer  3  b.h.p.  per  tube  at  rating. 


.b.h.p.  =3  N-3  (LXir)Xl.OO 


Area 

16.6 

21.85 

27.00 

32.25 

39.25 

Wide 

4 

6 

8 

10 

12 

L 

B.h.p. 

Z>" 

B.h.p. 

D" 

B.h.p. 

D" 

B.h.p. 

D" 

B.h.p. 

D" 

8 

96 

0 . 000282 

144 

0.000365 

12 

144 

0.000951 

216 

0.00123 

288 

0.00144 

If) 

192 

0 . 00225 

288 

0.00292 

384 

0.00341 

480 

0.00373 

20 

240 

0 . 00440 

360 

0.00571 

480 

0 . 00666 

600 

0.00729 

720 

0.00708 

24 

288 

0.00761 

432 

0.00989 

.576 

0.0115 

720 

0.0126 

864 

0.0122 

28 

.336 

0.0121 

504 

0.0157 

672 

0.0183 

840 

0.0200 

1010 

0.0194 

32 

384 

0.0180 

576 

0 . 0234 

768 

0.0273 

960 

0.0299 

U50 

0 . 0290 

36 

432 

0.0257 

648 

0.0333 

864 

0.0388 

1080 

0 . 0425 

1.300 

0.0413 

40 

480 

0.0.352 

720 

0 . 0457 

960 

0.0533 

1200 

0.0583 

1440 

0.0567 

44 

528 

0 . 0469 

792 

0.0610 

1060 

0.0709 

1320 

0.0776 

1580 

0 .  07.54 

48 

576 

0.0609 

864 

0.0792 

1150 

0.0920 

1440 

0.101 

1730 

0.0990 

52 

624 

0.0774 

936 

0.100 

1250 

0.117 

1560 

0.128 

1870 

0.125 

56 

1010 

0.125 

1340 

0.146 

1680 

0.160 

2020 

0.156 

60 

1080 

0.155 

1440 

0,178 

1800 

0.197 

2160 

0.191 

64 

1920 

0.239 

2300" 

0.232 

88 

2040 

0.287 

2450 

0.279 

72 



2160 

0.340 

2590 

0.331 

76 





2280 

0.400 

80 

.... 

2400 

0.467 

DRAFT  RESISTANCE 

Correction  Factors  fob  Incrb.^sed  Area  of  Side 
Dampers 


No.  of 
Dampers 

No.  of  Tubes  Wide 

Open 

4 

6 

8 

10 

12 

0 
One  Side 
Both  Sides 

1.00 

0.484 

0.285 

1.00 

0.564 

0.361 

1.00 

0.621 

0.423 

1.00 

0.667 

0.476 

1.00 

0.769 

0..581 

Approximate  Correction  Factors  for  75  Per  Cent 
and  100  Per  Cent  Excess  Air  Supply 


Per  Cent  Excess 

At  Rating 

At  1.5  Rating .  . 


50 


1.00 
1.00 


75 


1.34 
1.34 


1.74 
1.74 
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TABLE  6— PART  2  APPROXIMATE  DRAFT  RESISTANCE,  INCHES  OF  WATER; 
STANDARD  GREEN  FUEL  ECONOMIZERS  WITHOUT  SIDE  DAMPERS;  4  SQ.  FT. 
OF  ECONOMIZER  HEATING  SURFACE  PER  RATED  B.H.P.  OF  BOILER. 

I'.ASKD  ON   50   1>KU  CKNT    lOxCKSS    OF   AlU    SUI'IM.Y  :    FKIODWATEU   TKM PEKATURE    150    DEC, 

Sea  Level,  and  Otheu  Assimeu  Data.     t)ii.  KriEi.. 


Draft  Resistances  in  Inches  of  Water  Column  for  various  Widths  and  Lengths. 
Boilers  at  150  per  cent  of  rated  capacity  or  50  per  cent  overload. 


Temperature  gases  entering  economizer,  deg. 


500 


Temperature  gases  leaving  economizer,  deg. 


330 


Average  temperature  in  economizer,  deg 415 

Gases  per  b.h.p.  of  boilers,  lb 54 . 6 

Assumed  b.h.p.  of  economizer  3  b.h.p.  tube  at  rating b.h.p.  =3  A^  XI. 50  X54.6  +32.8. 


16.6 


B.h.p. 

D' 

149 

0.000732 

223 

0.00247 

298 

0 . 00586 

372 

0.0114 

447 

0.0198 

521 

0.0314 

596 

0.0468 

670 

0.0667 

745 

0.0915 

819 

0.122 

893 

0.158 

969 

0.201 

21.85 


B.h.p. 


223 
335 
447 
558 
670 

782 
893 
1010 
1120 
1230 

1340 
1450 
1560 
1680 


D' 


0.000951 
0.00321 
0 . 00759 
0.0149 
0 . 0257 

0.0408 
0 . 0609 
0.0868 
0.119 
0.158 

0 .  205 
0.261 
0.326 
0.401 


27.00 


B.h.p.    D" 


447 
596 
745 
893 

1040 
1190 
1340 
1490 
1640 

1790 
1940 
2090 
2230 


0 . 00374 
0.00886 
0.0173 
0 . 0299 

0.0476 

0.0708 

0.101 

0.138 

0.184 

0.239 
0.304 
0.379 
0.465 


32.25 


10 


B.h.p. 


745 

931 

1120 

1300 
1490 
1680 
i860 
2050 

2230 
2420 
2610 
2790 
2980 

3160 
3350 
3540 
3720 


0.00972 

0.0189 

0.0328 

0 . 0520 

0.0776 

0.111 

0.152 

0.202 

0.262 
0.333 
0.416 
0.512 
0.619 

0.745 
0.884 
1.037 
1.212 


39.25 


B.h.p. 


1120 
1340 

1560 
1790 
2010 
2230 
2460 

2680 
2903 
3130 
3350 
3570 

3800 
4020 


0.0184 
0.0318 

0 . 0505 

0.0754 

0.107 

0.147 

0.196 

0.255 
0.322 
0.406 
0.497 
0.601 

0.724 
0.859 


Area 


Wide 


12 
16 
20 
24 

28 
32 
36 
40 
44 

48 
52 
56 
60 
64 


72 
76 
80 


Table  6  has  been  computed  by  the  use  of  the  following  empirical  formula: 


p.      V         A        / 


Pi    ^     A     ^        109 
in   which 

D  =the  lo.ss  in  pressure  through  the  economizer  expressed  in  inches  of  water  column 
Po=  normal  barometer,  sea  level 
Pi  =barometer  at  the  altitude  of  plant 
B.h.p.  =  B.h.p.  rating  of  standard  economizer  as  assumed  above 
A  =net  area  in  sq.  ft.  between  tubes  for  the  flow  of  gases 

T'=averagc   absolute  temperature  in  deg.  fahr.  of  the  gases  in  the    economizer 
Z(=the  length  of  economizer  in  rows  of  tubes 
J  =a.  coefficient  determined  from  tests 
For  the  purpo.ses  of  this  table  the  value  of  ./  is  taken  as  1.3,  an  average  of  values  from  a  number 
of  tests  ranging  from  about  50  per  cent  above  to  50  per  cent  below  this  figure.    For  75  per  cent  and 
100  per  cent  excess  air  supply,  see  approximate  correction  factors.     If  the  volume  of  excess  air  due 
to  leakage  is  sufficient  to  change  the  temperatures  assumed,  the  correction  factor  for  excess  air 
will  be  correspondingly  changed.     B.h.p.  refers  to  work  done  by  boilers  only,  based  on  feedwater 
temperature  entering  the  boilers,  and  not  that  entering  economizers. 

Draft  resistance  is  based  on  areas  of  standard  economizers  with  standard  spacing  and  tube 
length.    No  allowance  has  been  made  for  the  resistance  of  any  additional  breeching  or  turns  made 
necessary  by  the  use  of  the  economizer.    Such  resistances  must  he  added  to  the  values  given  in  table. 
For  altitude  D  should  be  increased  inversely  with  the  barometric  reading. 

See  footnotes.  Table  7,  regarding  air  .supply  greater  than  .50  per  cent  excess,  leakage  through 
brick  .settings,  etc. 
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proportional  to  the  weight  of  gases  flowing  per  min- 
ute 

A  =  net  area  through  economizer,  side  dampers  closed 

T  =  mean  al)sohite  temperature,  deg.  fahr.,  of  gases  with- 
in economizer 

L  =  number  of  sections  of  tubes  in  economizer 

/  =  a  constant,  assumed  as  1.3 

124  The  quantity  D  is,  in  reality,  a  draft  coefficient  based  on 
the  fundamental  quantities  and,  neglecting  /,  should  be  modified 
by  a  correcting  factor,  depending  on  the  designer's  data.  Based 
on  the  writer's  data,  this  coefficient  averages  about  1.3  and  varies 
from  0.65  to  2.0;  J  is  therefore  made^  1.3. 

125  Table  6  gives  approximate  resistances  for  various  econo- 
mizers, based  on  boiler  horsepower  ratings  corresponding  to  100 
and  150  per  cent  load  on  boilers  and  economizers,  and  indicates 
the  assumed  temperatures  entering  and  leaving  the  economizer, 
ratio  excess  air,  etc.  It  is  important  to  note  that  the  boiler  horse- 
power indicated  represents  the  actual  boiler  horsepower  devel- 
oped by  the  boiler  and  not  the  rated  boiler  horsepower,  a  quantity 
for  purposes  of  estimating  the  resistance  of  the  economizer 
strictly  proportional  to  the  actual  weight  of  gases  flowing  per 
second. 

126  The  fundamental  equation  [6]  of  draft  resistance  is  mod- 
ified, due  to  installation  of  economizers,  by  the  introduction  of 
an  added  term  covering  the  resistance  of  economizers  and  a  cor- 
rection of  chinmey  temperature.  The  equation  [12]  for  boiler 
horsepower  for  Case  III,  central  chimneys,  is  then  written 

B.h.p.  =  ^O^Vd^J^^E(^J±A±^ [19] 

G  ^     2.ST{H+1.5d) 

where  A'  is  dependent  on  economizer  outlet  temperature. 

127  Equation  [19]  is  rendered  approximate,  as  the  term  for 
breeching  resistance  is  now  made  dependent  on  economizer  out- 
let temperature ;  however,  the  breeching  in  a  well  designed  econo- 
mizer plant  should  be  less  than  10  diameters  in  length  and  these 
two  errors  may  compensate.  If  added  flue  turns  are  introduced, 
then,  for  close  figuring,  [19]  must  be  corrected  accordingly. 

128  Owing  to  the  special  nature  of  economizer  installations, 
variation  in  size  and  arrangement  of  economizers,  etc.,  it  is  not 
practicable  to  compute  a  general  table  of  chimne}^  capacities  for 
economizer  plants.  If  a  chimne}^  of  minimum  first  cost  be  selected 
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for  the  given  boiler  conditions,  ignoring  the  installation  of  econ- 
omizers, then,  to  provide  for  economizers  it  should  merely  be  nec- 
essary to  increase  the  height  and  not  the  diameter  of  chimney  to 
compensate  for  the  added  resistance,  and  lowering  of  stack  tem- 
perature. Tliis  increase  in  height  may  be  determined  approxi- 
mately, based  upon  the  loiown  increase  in  draft  resistance  and 
reduction  of  chimney  temperature,  from  the  draft  tables. 
It  is  not  possible  to  compute  any  simple  table  setting  forth 
accurately  tlie  ratios  of  increased  chimney  heights  for  the 
various  stated  conditions,  based  on  chimney  capacities  without 
economizers,  by  reason  of  the  involved  breeching  resistances  as 
well  as  stack  resistances  and  varying  ratios  of  total  chimney 
draft  required  to  overcome  chimney  friction. 

129  It  is  a  simple  matter  to  compute  for  central  chimneys  a 
table  of  ratios  giving  the  reduction  of  total  boiler  horsepower 
due  to  the  installation  of  economizers,  which,  in  connection  with 
Table  4,  enables  a  ready  determination  of  chimney  sizes. 
Table  7  has  been  computed  on  this  basis  and  has  reference 
to  the  capacities  given  in  Table  4  for  central  chimneys  without 
economizers. 

130  It  is  self-evident  that  the  minimum  heights  given  in 
Table  4  will  not  furnish  sufficient  draft  for  any  reasonable  ca- 
pacity, with  the  added  friction  and  cooling  of  gases  due  to  econo- 
mizers. Table  7  indicates  the  minimum  heights  consistent  with 
reasonable  chimney  proportions. 

131  In  order  to  obtain  a  chimney  of  minimum  first  cost  when 
an  economizer  is  used,  trial  and  comparison  should  be  made  of 
several  sizes. 

GEMEEAL   CONSIDERATIONS 

132  The  chimney  capacities  set  forth  in  tables  are  conserva- 
tive for  the  exact  conditions  stipulated,  although  the  margin  for 
safety  is  not  so  great  as  might  ordinarily  be  presumed  from  the 
approximate  nature  of  chimney  calculations. 

133  These  tables  will  not  have  application  to  all  types  of 
boilers  and  all  conditions  of  operation  and  refer  specifically  to 
boilers  of  the  highest  type  and  under  favorable  conditions  of 
operation.  If  the  designer  is  uncertain  as  to  the  conformity  of 
his  conditions  to  those  stipulated  in  tables,  due  margins  for  safety 
should  be  allowed  for  selecting  chimney  sizes. 

134  While  the  writer  has  obtained  results  of  operation  for 
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numerous  chiiiiiieys  burning  oil  fuel,  it  is  generall}'  the  rule  that 
oii-burning  rhiumeys  in  actual  service  are  underk)aded  and  that 
comparatively  few  chimneys  are  operating  at  their  maximum  ca- 
pacity. Therefore,  in  computing  chimney  capacities  given  it  has 
been  the  writer's  aim  to  determine  from  test  ol)servations  the 
actual  boiler  resistances  for  the  various  conditions  of  operation, 
and  from  this  starting  point  to  calculate  chimney  height  sujSicient 
to  produce  the  required  draft  at  boiler,  and  diameter  sufficient 
to  carry  away  the  necessary  volume  of  gases,  with  the  margin  of 
draft  available  for  the  friction  of  flow  through  breeching  and 
chimney. 

185  A\^here  building  conditions  demand  chinineys  of  consid- 
erable height  the  draft  required  at  the  boiler  outlet  becomes  a 
smaller  proportion  of  the  potential  draft  of  the  chimney,  and  ac- 
cordingly an  error  in  the  assumption  of  the  draft  resistance  of 
the  boiler  will  have  less  effect  on  the  total  capacity  of  the  chim- 
ne}'  of  given  dimensions. 

136  When  selecting  chimneys  of  reduced  height  for  boilers 
operating  at  or  near  rating  the  draft  resistance  of  the  boiler  for 
least  cost  and  economical  operation  requires  a  larger  propor- 
tion of  the  potential  draft  of  the  chimney.  An  error  in  the  as- 
sumption of  draft  resistance  of  the  boiler  largely  affects  the  ca- 
pacity possible  with,  a  chimney  of  given  dimensions. 

137  In  all  instances  the  diameter  of  the  chimney  and  fric- 
tional  loss  within  the  chimney  and  breeching  have  been  based  on 
50  per  cent  excess  air  over  chemical  requirements.  For  a  number 
of  years  the  Avriter  thought  it  necessary  to  provide  for  not  less 
than  100  per  cent  excess  air ;  but  from  actual  experience  and  data 
from  a  number  of  tests  where  the  firing  conditions  were  directed 
by  ordinary  operators,  it  has  been  shown  that  50  per  cent  excess 
air  is  sufficient  for  good  practice  under  maximum  load  conditions 
in  first  class  installations. 

138  The  various  features  affecting  the  draft  resistance  of  a 
boiler  have  been  pointed  out.  many  of  these  being  subject  to  vari- 
ation by  the  local  oi)erator.  The  greatest  influence  on  draft  re- 
sistance, however,  is  that  due  to  excess  air.  Under  ideal  condi- 
tions it  is  possible  to  fire  boilers  with  approximately  10  per  cent 
excess  air  and  even  less,  giving  a  corresponding  reduction  in  the 
draft  resistance  of  the  boiler.  As  the  excess  of  air  supply  is  re- 
duced, the  capacity  of  a  chimney  increases  in  a  multiplied  ratio, 
due,  not  only  to  the  decreased  volume  of  gases  to  be  handled  and 
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the  decreased  weight  of  gases  per  b.h.p.  by  reason  of  greater 
boiler  efficiency,  but  also  to  decreased  draft  resistance  of  the 
boiler  and  the  greater  draft  available  for  the  flow  of  gases 
through  breeching  and  chimney.  It  will  therefore  be  possible 
not  only  to  point  to  chinnieys  of  the  dimensions  given  in  tables 
showing  a  greater  capacity  than  stated  corresponding  to  reduced 
air  supply,  but  also  of  less  capacity  than  stated  corresponding  to 
increased  air  supply. 

139  In  considering  boilers  of  differing  types,  the  chimney  di- 
mensions will  depend  largely  on  the  boiler  design  and  efficiency. 
particularly  with  respect  to  the  draft  resistance  of  the  boiler 
and  the  minimum  air  supply  as  dependent  on  furnace  design. 
Certain  types  of  boilers  will  show  less  draft  resistance  and  others 
more  than  indicated  for  Babcock  and  Wilcox  boilers,  with  a  cor- 
responding variation  in  chimney  capacity. 

140  Many  inexperienced  in  the  burning  of  crude  oil  carry  the 
impression  that  the  mere  closing  of  the  damper  will  result  in  the 
reduction  of  excess  air  supply  practically  to  the  theoretical  limit. 
It  is  actually  possible  to  cause  the  formation  of  smoke  with  con- 
siderably more  than  50  per  cent  excess  air  supply  in  a  poorly 
designed  boiler  furnace.  The  furnace  must  have  a  particular 
shape,  volume,  and  arrangement  of  checkerwork  with  respect  to 
the  burner  to  permit  the  complete  admixture  of  air  for  combus- 
tion and  vaporized  oil ;  and  the  furnace  efficiency  with  respect  to 
this  admixture,  influenced  by  the  surrounding  heated  brickwork, 
determines  the  minimum  excess  air  permissible  without  undue 
smoking. 

141  In  the  calculation  of  chimney  tables  it  was  deemed  best 
not  to  provide  sufficient  margin  for  safety  in  order  to  cover  all 
possible  conditions  of  operation,  but  rather  to  establish  as  a 
benchmark  the  maximum  chimney  capacities  based  upon  the 
draft  resistances  obtained  during  conditions  of  uniform  load, 
and  to  modify  capacities  as  need  be  for  the  special  conditions  of 
operation,  which  should  be  carefully  studied  before  selecting 
chimneys  for  a  giv^en  installation. 

142  When  operating  with  50  per  cent  excess  air,  uniform 
load,  and  furnaces  properly  adjusted,  there  should  be  a  slight 
haze  from  each  boiler;  on  uniform  load  there  should  not  be  an 
objectionable  amount  of  smoke  from  central  chimneys  connected 
to  a  number  of  boilers,  except  when  fires  are  unequally  adjusted. 
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As  is  well  Imown,  automatic  control  of  fires  insures  an  equal  di- 
vision of  load  among  all  boilers  in  service. 

148  It  is  jDossible  for  short  intervals  to  force  the  chimneys 
beyond  their  maximum  capacitj-,  giving  rise  to  increased  smoke 
density ;  but  good  practice  does  not  sanction  such  heavy  smoking, 
except  for  the  inevitable  short  intervals  on  swinging  loads. 

1-14  In  passing,  it  may  be  stated  that  it  is  common  practice 
to  gage  the  air  supply  roughly  by  the  density  of  smoke  emitted 
from  the  chimney,  and  it  is  wise  in  boiler  plant  design  to  pro- 
vide openings  through  the  roof  so  that  the  firemen  can  conveni- 
ently observe  the  chimneys. 

145  Tables  provide  for  the  slight  reserve  necessary  to  regu- 
late fluctuating  steam  pressure  with  careful  firing,  but  do  not 
provide  sufficient  reserve  to  restore  steam  pressure  rapidly  after 
a  material  pressure  drop.  During  such  intervals  careless  firing 
may  require  a  very  large  momentary  overload  on  boilers.  While  a 
certain  draft  margin  is  necessary,  a  chimney  which  makes  neces- 
sary careful  attention  of  furnaces  is  a  positive  benefit  from  the 
standpoint  of  boiler  abuse  and  cost  of  tube  renewals. 

146  If  a  number  of  boilers  be  connected  to  a  central  chimney 
subject  to  hand-firing,  certain  boilers  under  unequal  adjustment 
of  fires  will  be  operating  at  overload  and  others  at  underload. 
To  offset  these  conditions  and  to  maintain  the  maximum  total 
capacity  required,  it  is  necessary  slightly  to  increase  the  height 
of  stack,  and  in  the  table  no  margin  is  specially  provided  to  cover 
this  contingency.  AYhen  firing  under  automatic  control,  which 
insures  an  equal  division  of  load  among  all  boilers  in  service, 
such  margin  for  increase  is  unnecessary. 

147  It  has  been  found  in  large  plants  having  central  chim- 
neys and  subject  to  heavy  swinging  loads,  that  on  a  sudden  in- 
crease of  load  there  is  a  sluggishness  of  chimney  action  due  to 
inertia  of  gases  within  the  chimney  and  breeching,  as  well  as  a 
time  element  required  for  the  heating  of  the  chimney;  smoke  is 
usually  formed  during  such  intervals.  Particularly  where  flues 
are  of  masonry  construction  it  is  desirable  to  increase  the  height 
of  chimney  slightly  to  counteract  this  influence,  although  occa- 
sional smoking  cannot  even  then  be  completely  eliminated. 

148  For  swinging  loads  the  writer  would  reduce  the  tabu- 
lated capacities  for  central  chimneys  from  10  per  cent  to  20  per 
cent,  this  factor  being  one  of  judgment  and  not  based  on  experi- 
mental data. 
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149  When  boilers  have  been  operating  for  a  period  at  reduced 
load,  on  a  sudden  increase  in  load  owing  to  the  cooling  action  of 
the  furnace,  an  increased  air  supply  will  be  required  over  uni- 
form load  conditions  in  order  to  obtain  the  desired  capacity  with- 
out smoking.  This  condition  will  continue  until  the  furnace 
brickwork  has  been  thoroughly  heated,  and  common  practice 
l)ermits  smoking  during  this  short  interval. 

150  Consideration  should  be  given  to  a  certain  reserved  draft 
in  order  to  insure,  at  all  loads,  a  positi\'e  draft  within  the  setting 
by  throttling  the  air  admission.  It  has  been  pointed  out  by  Dr. 
Jacobus  that  under  certain  load  conditions,  should  a  negative 
draft  within  the  setting  occur,  there  will  be  a  tendency  for  the 
hot  gases  to  pass  outward  through  the  setting  making  possible  a 
considerable  overheating  of  the  brick  furnace.  On  the  contrary, 
with  a  positive  draft  within  the  setting,  a  certain  amount  of  air 
infiltration  will  tend  to  cool  the  brickwork  and  thus  increase  the 
life  of  the  setting.  In  general,  the  tendency  to  form  a  negative 
draft  diminishes  with  overload. 

151  In  the  design  of  chimneys  it  is  necessary  to  give  careful 
consideration  to  the  question  of  miniminn  air  supply  by  reason 
of  the  tendency  of  increased  smoking  with  changes  of  load  when 
operating  near  the  theoretical  limit.  Sooting  of  boiler  tubes 
might  easily  reduce  the  heat  transfer  of  the  boiler  to  such  an  ex- 
tent as  to  more  than  oft'set  the  economy  due  to  decreased  air  for 
combustion. 

152  A  well  designed  central  chimney  subject  to  variation  of 
number  of  boilers  in  service  requires,  for  maximum  economy,  a 
comparatively  small  amount  of  stack  and  breeching  friction  in 
order  to  insure  what  might  be  termed  ''  draft  regulation.'"  In 
boilers  sul>ject  to  hand  adjustment  or,  for  that  matter,  automatic 
control  of  air  supply,  it  is  desirable  to  have  a  nearly  fixed  draft 
at  the  boiler  outlet  for  each  addition  of  load,  with  the  least 
l)()ssible  change  due  to  variation  in  the  number  of  boilers  in  serv- 
ice. It  is  self-evident  that  this  variation  in  draft  will  give  a 
variable  air  supply,  with  a  fixed  position  of  damper  for  each 
load,  and  thus  reduce  the  fuel  economy  of  the  plant. 

153  The  proper  determination  of  chimney  height,  with  re- 
spect to  the  maximum  draft  required  at  boilers,  will  have  a 
marked  influence  on  the  fuel  economy  of  the  plant.  While  a  cer- 
tain draft  margin  is  necessary  for  the  special  conditions  of  plant 
operation,  it  should  at  all  times  be  the  aim  to  provide  a  chimney 
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with  the  least  possible  excess  draft  over  the  necessary  inaxiiiuun. 

154  111  plants  subject  to  uniform  factory  or  pumping  loads 
approximately  at  rating,  the  chimney  height  should  be  very 
much  reduced  and  such  that  when  boilers  are  operated  with  near- 
ly wide  open  dampers  the  air  supply  will  not  materially  exceed 
the  requirements  for  economical  tiring. 

155  With  excessive  height  of  chimney  it  is  not  possible  to 
open  the  damper  more  than  a  fractional  amount,  thus  giving  a 
large  increased  air  supply  for  a  very  small  added  opening  of 
damper,  making  economical  operation  at  variable  loads  impossi- 
ble with  hand  control,  and  more  difficult  with  automatic  control. 

156  The  intiueuci!  of  excessive  draft  becomes  more  apparent 
when  boilers  are  operated  for  intervals  at  reduced  capacity.  If 
the  firemen  be  careless  and  lea^'e  the  dampers  and  ash  doors  un- 
changed during  variations  of  load,  it  is  apparent  that  the  draft 
resistiince  of  the  boiler  becomes  nearl}'  a  constant,  and  except  for 
a  slight  decrease  in  the  temperature  at  reduced  loads,  the  ten- 
dency is  toward  a  practically  constant  flow  of  gases  through  tho 
setting  regardless  of  the  rate  of  firing,  and  correspondingly,  an  in- 
creasing ratio  of  excess  air  at  light  loads.  While  with  tall  chim- 
neys the  excess  air  supply  is  abnormal  even  at  maximum  loads,  it 
becomes  thus  increasingly  wasteful  on  reduced  loads. 

157  In  one  instance  which  came  to  the  writer's  observation,  a 
chimne}'  gave  800  per  cent  excess  air  when  operating  at  rating, 
and  450  per  cent  excess  air  when  operating  30  per  cent  load,  the 
dampers  and  ash  doors  being  wide  open  in  both  instances.  In 
the  latter  instance  the  resulting  boiler  efficiency  was  less  than  40 
per  cent,  whereas,  even  at  this  reduced  load,  the  efficiency  should 
have  been  approxiniately  75  per  cent. 

158  Experience  has  indicated  that  i)lants  having  tall  chim- 
neys subject  to  hand  control  are,  in  general,  uneconomically  op- 
erated; while  plants  having  relatiA'ely  low  chimneys  indicate  a 
superior  performance,  due  largely  to  the  decreased  margins  for 
excess  draft  and  possiV)le  wastage  of  fuel  with  excess  air  supply. 
This  fact  is  particularly  impressive  after  an  examination  of  the 
economy  attainable  in  power  plants  in  connection  with  tall  office 
buildings,  where  high  chimneys  are  a  necessity.  In  such  instances 
a  reduction  of  stack  diameter  to  absorb  by  stack  and  breeching 
friction  a  considerable  portion  of  the  excess  draft  will  result  in 
an  improved  economy  of  plant. 
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CHIMNEYS    FOR    AUXILIARY    STEAM   POWER    STATIONS 

15*J  It  has  been  pointed  out  that  chimneys  of  reduced  lieight 
are  possible  under  certain  conditions  of  operation,  namely,  with 
uniform  load,  approximately  at  rating,  but  the  impression  should 
not  prevail  that  tall  chimneys  are  unnecessary  for  oil  firing 
under  certain  conditions  of  heavy  load. 

160  In  auxiliary  steam  power  stations  it  will  be  found 
necessary  at  times  to  force  boilers  to  approximately  100  per 
cent  overload.  Under  these  conditions,  due  to  the  rapid  in- 
crease of  draft  resistance  of  boiler,  the  heights  of  central  chim- 
neys will  vary,  depending  on  the  type  and  size  of  boiler,  plant 
arrangement,  etc.,  from  less  than  100  ft.  to  about  150  ft.  for  sea- 
level  conditions,  and  even  greater  heights  will  be  required  at  alti- 
tudes. 

161  The  height  may  be  somewhat  reduced  below  that  other- 
wise necessary  on  heavy  overloads  by  increasing  judiciously  the 
admission  area  through  floor  of  furnace.  On  large  boilers  reduc- 
tion of  draft  and  chimney  height  at  overloads  may  also  be  ef- 
fected by  the  provision  of  larger  air  admission  doors,  limited, 
however,  by  the  creation  of  a  negative  draft  within  setting,  as 
already  discussed. 

162  It  is  important  to  note  that  the  chimney  heights  stated 
for  certain  overload  capacities  apply  only  when  a  sufficient  num- 
ber of  the  connected  boilers  are  in  operation  to  maintain  the 
stated  initial  chimney  temperature,  and  to  prevent  undue  cooling 
within  the  chimney.  In  auxiliary  steam  power  plants,  or  other 
stations  where  at  times  comparatively  feAV  of  the  boilers  may  be 
in  operation  on  a  central  chimney,  this  feature  must  be  consid- 
ered. 

163  If  the  temperature  of  the  water  is,  say,  100  deg.  fahr., 
or  less,  within  a  boiler  connected  to  a  cold  chimney,  then,  on  an 
emergency  call,  a  considerable  period  will  elapse  before  the  gases 
entering  the  chimney  will  reach  such  temperature  as  to  produce 
an  appreciable  draft  and  make  possible  rapid  firing.  If,  as  is 
ordinarily  the  case,  all  the  boilers  be  kept  under  steam  by  inter- 
mittent and  alternate  firing,  the  temperature  of  the  boiler  heat- 
ing surface  will  be  considerably  above  the  boiling  point,  and  the 
mere  opening  of  the  boiler  dampers  will  cause  a  flow  of  air 
through  the  setting,  the  incoming  air  being  heated  by  the  hot 
water  within  the  boiler  tubes.    The  starting  of  the  fire  will  grad- 
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ually  increase  the  temperature  of  the  escaping  gases,  but  owing 
to  the  reduced  draft,  a  considerable  interval  of  time  will  elapse 
before  the  boiler  will  be  operating  at  such  rate  of  firing  as  to 
give  the  necessary  increase  in  temperature  of  escaping  gases  and 
chimney  draft  for  any  appreciable  overload  on  the  boiler.  Under 
these  conditions  it  is  evident  that  the  taller  the  chimney  the  less 
the  required  time  for  getting  under  way ;  also,  that  an  independ- 
ent chimney  will,  in  general,  enable  quicker  starting  than  a  cen- 
tral chinmey  when  firing  a  fractional  number  of  boilers.  On  the 
other  hand,  if  a  central  chimney  be  employed,  and  one  or  more 
boilers  are  constantly  under  fire,  the  chimney  will  at  all  times 
have  a  relatively  higher  minimum  temperature,  and  by  reason 
of  the  draft  produced,  enable  the  quicker  starting  up  of  a  large 
number  of  connected  boilers  than  is  possible  with  independent 
chimneys. 

164  As  service  demands  become  more  exacting  it  is  probable 
that  auxiliary  steam  power  stations  will  ultimately  be  provided 
with  forced  draft  fans  to  supply  air  for  the  rapid  starting  of 
boilers  which  are  to  be  used  for  the  first  few  minutes,  and  until 
boilers,  furnaces,  flues  and  chimneys  are  thoroughly  heated,  thus 
following,  to  a  certain  extent,  battleship  practice;  or  steam  jet 
chimney  blowers  may  be  used  while  starting. 

EXAMPLES    FROM    PRACTICE 

165  Plant  No.  1.  A  plant  of  three  Babcock  and  Wilcox  boilers,  7  high, 
total  275  h.p. ;  one  Green  fuel  economizer  6  by  20 ;  one  side  damper ;  one  pair 
of  induced  draft  fans ;  one  42-in.  discharge  stack ;  54-ft.  height  above  floor 
line.  Plant  initially  installed  for  coal  burning.  When  fired  with  oil  fuel, 
at  rating  and  at  slight  overloads  it  was  found  that  the  natural  draft  from 
chimney  was  sufficient  to  produce  the  necessary  draft  at  boilers  to  over- 
come resistance  of  economizers  and  resistance  of  blades  of  fan  wheels  with 
fans  at  rest.  When  a  wind  storm  reduced  the  height  to  40  ft.  the  capacity 
was  still  ample.  A  second  wind  storm  reduced  the  height  to  19  ft.  which 
was  ample  at  light  loads,  but  required  assistance  of  fans  at  180  r.p.m.  at 
rating. 

166  Plant  No.  2.  A  plant  having  a  number  of  9  high  Babcock  and  Wil- 
cox boilers;  after  the  San  Francisco  earthquake  of  190G,  was  able  to  oper- 
ate at  rating  with  chimney  height  reduced  by  earthquake  to  25  ft.  above 
floor  line. 

167  Plant  No.  S.  A  plant  of  12  high  Babcock  and  Wilcox  boilers,  with 
horizontal  short  breeching  and  steel  chimney  115  ft.  above  floor  line;  sea 
level ;  chimney  diameter  relatively  large  and  friction  small ;  three  boilers 
connected  to  one  chimney,  one  boiler,  on  test,  operated  at  210  per  cent  of 
rated  capacity,  test  conditions. 
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i()S  riant  Ac*.  .).  A  i)laiil  ol  I-  high  Biibcock  aud  Wileox  boilers;  a  lutal 
of  l,j  boilers,  couaeeted  to  a  central  chimney  125  ft.  above  floor  line;  Green 
fuel  economizers ;  induced  draft  fans ;  one  boiler  operated  at  208  per  cent  of 
rating,  other  boilers  at  about  rating.  The  ordinary  draft  of  chimney  was 
insufficient,  and  necessitated  the  use  of  fans.  Economizers  80  tubes  long, 
resistance  excessive. 

169  Plant  No.  J.  A  plant  of  12  high  Babcock  aud  Wilcox  boilers,  8 
boilers  connected  to  a  central  chimney ;  Green  fuel  economizers ;  panel 
system.  Chimney  reduced  by  earthquake  to  70  ft.  Natural  draft  sufficient 
for  operation  of  boilers  at  about  rating,  but  insufficient  for  overload. 

170  Plant  No.  6.  A  plant  of  14  high  Babcock  and  Wilcox  boilers ;  cen- 
tral chimney;  large  diameter;  approximately  70  ft.  height  above  floor  line. 
Maximum  capacity  one  boiler  under  test,  when  other  boilers  operating  at 
about  rating,  natural  draft  145  per  cent  of  rating. 

171  Plant  No.  7.  Stirling  boilers,  250  h.p.,  conne<'ted  to  independent 
overhead  chiuniey  80  ft,  height  above  floor  line.  Maximum  recorded  capac- 
ity, but  not  maximum  possible  capacity,  90  per  cent  overload,  still  showing 
an  excess  air  supply  ;  plant  operating  factory  load,  boilers  intended  for  op- 
eration at  rating  only ;  on  account  strong  draft  from  chimney  could  not  get 
fireman  to  operate  boilers  at  rating.  Finally  reduced  chimney  height  to 
40  ft.  to  prevent  such  excess  air  through  furnaces  as  would  prevent  exces- 
sive overloads  on  boilers.  In  this  manner  capacity  considerably  reduced, 
but  sMlI  able  to  obtain  greater  capacity  than  rating.  Exact  overload  not 
determined.  Plant  economy  increased  by  lowering  the  temperature  of  escap- 
ing gases  and  amount  of  excess  air. 

172  Plant  No.  8.  Battery  of  two  Stirling  boilers  250  h.p.  each.  conne<Jted 
to  a  central  overhead  chimney  with  A-shaped  breeching,  the  total  height 
being  40  ft.  above  floor  line.  Intended  for  \ise  in  oil  fields  with  unskilled 
firemen.  Height  fixed  at  40  ft.  to  prevent  overload  on  boilers  and  the  waste 
of  fuel  from  excessive  overload  and  from  excess  air.  Boilers  have  operated 
at  capacities  in  excess  of  rating. 

173  Plant  No.  9.  Office  building  plant.  Stirling  boilers,  chimney  height 
approximately  200  ft.  on  account  of  excess  draft  even  with  partially  open 
dampers  and  air  doors  excess  air  over  200  per  cent  at  rating,  probably  15 
to  20  per  cent  waste  of  fuel  due  to  excess  air. 
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EXHIBITION 

HELD  IN  LONDON,  MARCH  AND  APRIL  1912 

By  Geoege  H.  Perkins 

ABSTRACT  OF  PAPER 

The  solution  of  the  smoke  pi'oblem  must  necessarily  rest  with  the  mechan- 
ical engineer.  The  development  of  a  strong  and  intelligent  public  sentiment 
on  the  economic  and  sanitary  necessity  for  smoke  abatement,  however,  must 
come  through  the  widespread  campaign  of  education  in  which  the  Society 
should  take  an  active  part.  Societies  for  this  specific  purpose  are  doing 
much  effective  work  in  England  with  most  excellent  results.  The  lines 
along  which  those  organizations  are  working  are  briefly  indicated  in  this 
paper,  which  is  an  informal  report  made  originally  to  the  trustees  of  the 
Lowell  Textile  School,  Lowell,  Mass.,  who  delegated  the  writer  to  attend 
the  International  Smoke  Abatement  Exhibition  and  Conference  held  in 
London  from  March  23  to  April  4,  1912. 
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THE     INTERNATIONAL    SMOKE    ABATEMENT 

EXHIBITION 

HELD  IN  LONDON,  MARCH  AND  APRIL  1912 

By  George  H.  Perkins,  Lowell,  Mass. 

Associate  Member  of  the  Society 

An  International  Smoke  Abatement  Exhibition  and  Confer- 
ence, under  the  auspices  of  the  London  Coal  Smoke  Abatement 
Society,  Avas  held  at  the  Royal  Agricultural  Hall,  Islington,  Lon- 
don, March  23  to  April  4,  1912. 

2  The  object  of  the  exhibition  was  to  make  a  comprehensive 
display  of  the  most  approved  modern  methods  and  devices  for 
the  abatement  of  coal  smoke,  applicable  either  to  industrial 
plants  or  domestic  fires.  There  were  also  exhibits  showing  the 
injurious  effects  of  smoke  deposits  upon  health,  building  mate- 
rials, works  of  art  and  vegetable  life,  with  the  view  of  creating 
an  active  and  intelligent  public  sentiment  on  the  importance  of 
this  widespread  nuisance. 

3  The  educational  work  was  supplemented  by  a  series  of  con- 
ferences which  were  well  attended  by  official  delegates  from  most 
of  the  principal  cities  of  England  and  Scotland  as  well  as  from 
Germany,  Holland,  Sweden,  and  other  foreign  countries. 

4  The  exhibition  attracted  much  favorable  attention  from  the 
press  and  general  public,  and  upon  the  whole  was  considered  a 
success.  The  great  coal  strike  which  was  at  its  height  at  the  time, 
while  interfering  with  the  attendance  and  delivery  of  exhibits  to 
some  extent,  tended  to  increase  public  interest  in  the  affair  and 
to  divert  attention  to  the  larger  question  of  the  conservation  of 
the  coal  supply. 

PRESENT  STATUS  OF  THE  SMOKE  PROBLEM  IN  ENGLAND 

5  Smoke  has  been  a  recognized  nuisance  in  England  for 
nearly  a  century.     As  early  as  the  year  1819,  Parliament  ap- 
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pointed  a  committee  to  investigate  this  question  which  reported 
that  effective  smoke  abatement  devices  existed  and  should  be 
used.  The  public  health  acts  of  1875  and  1891  included  sec- 
tions covering  smoke  abatement  which  are  the  only  present  laws 
on  the  subject.  These  statutes  have  not  proved  satisfactory  as 
they  are  not  sufficiently  definite  and  do  not  make  provision  for 
their  proper  enforcement. 

6  Practically  all  of  the  effective  work  done  in  abating  the 
smoke  nuisance  has  been  accomplished  during  the  past  15  years. 
The  great  improvement  in  atmospheric  conditions,  as  far  as  Lon- 
don is  concerned,  has  been  due  principally  to  the  following 
agencies : 

•  a     The  electrification  of  all  of  the  underground  railways 

formerly  operated  by  coal  burning  locomotives. 
h  The  rapid  increase  in  the  use  of  gas  appliances  for 
heating  and  cooking.  When  authorities  agree  that 
more  than  one  half  of  London's  smoke  comes  from 
domestic  fires  burning  soft  coal,  the  following  figures 
are  significant : 

Number  of  gas 
Year  appliances  in  use 

1891 46,000 

1896 223,000 

1901 445,000 

1906 989,000 

1911 1,494,000 

c  The  work  of  the  London  Coal  Smoke  Abatement  So- 
ciety, a  voluntary  association  which  has  for  its  objects 
the  following: 

1  To  aid  in  enforcing  the  existing  law  through  the 
local  sanitary  authorities,  by  the  employment  of  in- 
spectors who,  after  investigation,  shall  report  offend- 
ers to  the  proper  officials. 

2  To  promote  and  encourage  all  voluntary  efforts 
to  abolish  smoke  from  private  dwellings  and  to  inves- 
tigate the  best  means  for  effecting  this  object. 

3  To  obtain  particulars  and  evidence  of  methods 
of  dealing  with  smoke  nuisances  at  home  and  abroad. 

4  To  publish  information  on  matters  relating  to 
smoke  nuisances,  stimulate  invention  through  the  offer 
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of  prizes  and  to  conduct  tests  on  heating,  cooking 
and  stoking  apparatus. 

5     To  ell'ect  the  amendment  of  the  present  laws 
with  the  object  of  making  them  more  efficient. 

7  Other  societies  of  the  same  character  have  been  organized 
in  some  of  the  hirger  cities  and  are  doing  etfective  work  along 
similar  lines  to  that  of  the  London  society.  One  of  the  most 
active  of  these  is  the  Smoke  Abatement  League  of  Great  Britain 
which  has  its  headquarters  in  Manchester  and  branches  in  many 
of  the  other  large  industrial  centers. 

8  The  most  direct  evidence  of  the  improvement  made  in  smoke 
abatement  in  recent  j^ears  is  in  the  record  of  observations  of 
atmospheric  conditions  taken  in  many  of  the  large  cities.  The 
"  black  fogs  "  once  so  prevalent  in  London  and  which  have  been 
proven  to  have  been  due  largely  to  smoke  are  to-day  practically 
unknown.  The  winter  sunshine  of  London  is  to-day  about  40  per 
cent  of  that  observed  in  the  country  districts,  which  is  a  figure 
double  that  of  30  years  ago. 

9  In  nearly  all  of  the  larger  cities  a  marked  improvement 
along  similar  lines  has  been  made  each  year  and  through  the 
agencies  already  mentioned.  In  the  manufacturing  districts  par- 
ticularly, the  boiler  users  are  taking  increasing  interest  in  this 
matter,  realizing  that  it  has  an  important  influence  upon  the  effi- 
ciency of  their  plants.  The  public  is  also  aroused  to  the  situa- 
tion and  the  urgency  and  practicability  of  smoke  abatement  seem 
to  be  generally  appreciated. 

SUMMARY  OF  PAPERS  PRESENTED  AT  THE  CONFERENCE 

10  The  papers  presented  at  the  conference  may  be  grouped 
under  the  following  heads : 

A     Smoke  Pollution 

1  Economic  and  Artistic  Aspects 

2  Effects  on  Plant  Life 
B     Smoke  Abatement 

1  Organization  of  Preventive  Action 

2  Physical  Principles  of  Smoke  Abatement 
O    Laws  and  Legislation 

1  Proposed  New  Legislation 

2  Administration  of  Existing  Law 
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(-4-1)     Economic  and  Artistic  Aspects 

11  Under  this  head  papers  were  read  treating  of  the  effects 
of  smoke  upon  building  materials,  mural  and  house  painting, 
ornamental  and  structural  metal  work  and  also  the  measurement 
of  soot  deposits. 

12  Examples  were  cited  of  the  disintegration  of  the  stone  in 
various  buildings  due  to  sulphuric  acid  in  the  atmosphere.  This 
acid  is  formed  from  the  union  of  the  oxidized  sulphur  com- 
pounds, resulting  from  the  combustion  of  coal,  with  the  moisture 
of  the  atmosphere.  An  analysis  of  stone  taken  from  St.  Paul's 
Cathedral  showed  74  per  cent  of  calcium  sulphate,  the  original 
stone  being  calcium  carbonate  or  limestone.  Similar  results  were 
obtained  on  samples  taken  from  Westminster  and  other  well 
loiown  and  historic  structures.  Limestone  appears  to  suffer  more 
than  any  other  variety  of  stone  while  granite  is  not  seriously 
affected. 

13  The  effect  of  smoke  on  mural  and  fresco  paintings  was 
due  to  a  similar  action,  the  plaster  beneath  the  pigments  losing 
much  of  its  binding  power  by  the  chemical  change  taking  place. 
The  effect  upon  house  paint  is  also  very  pronounced,  particularly 
on  the  lead  paints.  Practically  all  outside  work  must  be  re- 
painted at  least  once  a  year.  Zinc  oxide  paints  were  shown  to  be 
more  stable  than  lead  pigments  against  the  action  of  atmospheric 
acids. 

14  The  most  serious  effect  upon  metal  work  is  the  corrosion  of 
structural  steel.  Several  collapses  of  iron  roof  trusses,  notably 
that  of  the  Charing  Cross  Station,  have  resulted  from  this  cause. 
In  some  instances  it  was  found  that  about  10  per  cent  of  the  iron 
had  been  dissolved  into  ferrous  sulphate.  The  corrosion  of  un- 
covered iron  or  steel  wire  has  also  been  observed  and  found  to  be 
extensive. 

15  During  the  past  year  the  soot  fall  of  London  has  been 
carefully  measured  by  means  of  specially  devised  soot  gages. 
This  work  has  been  in  charge  of  the  officers  of  the  Smoke  Abate- 
ment Society  and  the  extraordinary  results  obtained  may  be  sum- 
marized as  follows : 

16  The  total  yearly  deposit  from  the  atmosphere  was  650  tons 
per  square  mile,  or  a  total  of  76,050  tons  per  annum  for  the  en- 
tire administrative  county  of  London  of  117  square  miles.  This 
figure  includes  8000  tons  of  sulphates,  6000  tons  of  ammonia  and 
3000  tons  of  chlorides,  the  balance  being  carbon  and  tarry  prod- 


GEORGE   H.   PERKINS  1549 

ucts.    The  deposit  per  square  mile  at  Surrey,  on  the  border  of 
the  metropolitan  area,  was  only  195  tons  per  year,  or  less  than 
one  third  that  of  London  proper,  showing  clearly  the  compara- 
ti^e  purity  of  country  air. 
{A-'2)     Effects  on  Plant  Life 

IT  Evidence  was  given  by  the  authorities  in  charge  of  the 
Kew  Gardens  and  other  parks  as  to  the  difficulty  of  maintaining 
vegetation  in  smoke  affected  districts.  Only  a  few  hardy  plants 
and  shrubs  will  survive  the  winter  season  in  the  large  cities.  The 
main  etfects  of  smoke  on  vegetation  are  due  to  the  following : 

1  Reduction  of  light  and  heat  from  the  sun. 

2  Soot  dej)osits  excluding  still  more  light. 

3  Tarry  deposits  blocking  the  pores  of  the  plants. 

4  Acid  deposits  lowering  the  vitality  of  plants. 

18  The  effect  upon  health  of  a  smoke  polluted  atmosphere  was 
clearly  shown  by  figures  given  from  Glasgow,  where  a  study  has 
been  made  of  the  effect  of  smoke  fogs  upon  the  death  rate  from 
bronchial  diseases  such  as  bronchitis,  pneumonia  and  pleurisy. 
The  deaths  from  these  diseases  alone  increased  at  a  remarkably 
rapid  rate  during  prevalent  fogs  and  could  be  traced  to  no  other 
source. 

{B-l)     Organization  of  Smoke  Abatement  Work 

19  The  work  of  the  various  smoke  abatement  societies  w^as  de- 
scribed in  detail  and  many  suggestions  were  made  regarding  the 
possible  future  study  of  this  problem.  The  majority  of  these 
suggestions  were  along  the  line  of  determining  the  actual  eco- 
nomic loss  to  the  community  caused  by  smoke,  it  being  generally 
conceded  that  the  engineering  side  of  the  question  is  well  in  hand 
and  sufficiently  well  developed  to  meet  practically  all  conditions 
provided  careful  study  is  made  of  the  factors  involved. 

20  Some  of  the  elements  in  the  economic  loss  to  a  city  are  as 
follows : 

1  Added  cost  of  artificial  illumination. 

2  Added  cost  of  painting  exteriors  and  interiors. 

3  Added  cost  of  laundering  and  other  cleansing. 

4  Damage  to  goods  in  stores  and  factories. 

5  Effect  of  gloom  upon  the  efficiency  of  workers. 

21  -Recognition  was  made  of  the  splendid  work  done  on  smoke 
abatement  in  Cleveland,  Ohio,  and  Chicago,  111.,  where  the  prog- 
ress made  within  the  past  five  years  has  been  remarkable.     In 


1550  INTERNATIONAL    SMOKE    ABATEMENT   EXHIBITION 

both  of  these  cities  the  problem  is  handled  by  efficient  depart- 
ments of  the  municipal  governments  furnishing  a  most  excellent 
example  of  honest,  effective  and  thorough  public  service.  These 
two  cities  are  without  question  well  in  advance  of  any  other 
American  municipalities  in  the  matter  of  smoke  abatement. 
{B-2)     The  Physical  Piinciples  of  Smoke  Abateinent 

22  The  papers  presented  under  this  head  covered  various 
phases  of  the  subject,  including  the  effect  of  smoke  upon  steel 
making,  losses  due  to  incomplete  combustion,  hand  and  mechan- 
ical firing,  the  manufacture  of  smokeless  fuels  and  the  construc- 
tion and  operation  of  producer  gas  plants.  The  production  of 
steel  without  objectionable  smoke  was  held  to  be  practicable, 
without  affecting  the  quality  of  the  steel. 

23  Results  of  tests  were  given  showing  the  loss  due  to  un- 
burned  combustible  matter  in  smoke  and  that  due  to  a  non-con- 
ducting la^^er  of  soot  upon  the  surfaces  of  boiler  tubes  and  plates. 

24  The  value  of  trained  firemen  was  especially  emphasized 
and  the  subject  of  hand  firing  and  conditions  under  which  it 
might  be  successful  were  discussed.  It  was  proposed  to  add  to 
the  present  license  for  firemen,  a  certificate  of  competency  based 
upon  a  laiowledge  of  proper  conditions  for  perfect  combustion, 
heating  value  of  fuels,  etc. 

{G)     Laws  and  Legislation 

25  The  larger  part  of  the  matter  presented  under  this  head 
would  not  be  applicable  in  this  country  for  obvious  reasons.  A 
strong  plea  was  made,  however,  for  uniform  and  definite  legisla- 
tion on  smoke  abatement.  The  principal  paper  in  this  group 
urged  the  appointment  of  a  royal  commission  to  inquire  generally 
into  the  subject  of  smoke  emission  for  the  purpose,  if  possible,  of 
having  a  stringent  general  law  passed  by  Parliament.  It  was 
suggested  that  this  roj^al  commission,  if  appointed,  be  directed  to 
inquire : 

1  What  standard,  if  any,  is  desirable  as  to  the  color  or 

density    of   the   smoke   which    should   be    deemed    a 
nuisance  ? 

2  How  the  color  or  density  of  smoke  can  best  be  iden- 

tified? 

3  Are  the  fines  at  present  inflicted  upon  offenders  suffi- 

ciently adequate  to  act  as  deterrents  ? 

4  Who  should  be  punished,  the  owner  of  the  works,  the 
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engineer  in  charge,  or  the  stoker,  when  smoke  nui- 
sances result  from  the  careless  manipulation  of  well 
equipped  installations? 

5  Should  any  industries  receive  special  treatment? 

6  Should  Government  inspectors  be  appointed  to  act  in 

regard  to  the  emission? 

7  Should  Government  premises  be  placed  under  the  obli- 

gation to  prevent  smoke  nuisances  ? 

8  Ought  any  hourly  or  other  time  limit  be  fixed  during 

which  black  or  other  smoke  may  be  permitted  to  issue 
from  factory  chimneys? 

9  Should    all   cases    be    heard    by    stipendiaries?    (Paid 

magistrates.) 

10  Can  the  issue  of  an  unreasonable  quantity  of  smoke 
be  prevented  except  in  cases  of  acccident  or  break- 
down? 

11  Can  it  be  shown  that  the  installation  of  proper  appli- 
ances generally  results  in  economy  as  is  contended  by 
"  smoke  abaters  ' '  ? 

12  The  incidence,  intensity  and  duration  of  fogs  and 
their  effects  on  health. 

13  The  influence  of  smoke  on  health. 

14  The  damage  of  smoke  to  buildings,  works  of  art  and 
property  generally. 

15  Foreign  efforts  to  cope  with  the  smoke  nuisance. 

16  How  far  is  it  possible  by  smoke  abatement  to  conserve 
the  coal  supply? 

17  How  far  is  it  practicable  to  deal  with  the  smoke  from 
private  dwelling  houses? 

CLASSIFICATION   OF  EXHIBITS 

26    The  exhibits  may  be  classified  into  the  following  groups: 
a    Boiler  furnaces;  special  grate  bars  and  furnace  con- 
struction; mechanical  stokers  of  all  types;  smoke  pre- 
venting devices  of  various  kinds;  fuel  economizers: 
briquette  making  machines. 
h     Suction  gas  plants;  gas  and  oil  engines. 
c     Open  coal-fire  grates;  stoves  and  ranges  of  all  kinds; 
draft  regulators  and  other  smoke  preventing  appli- 
ances for  domestic  fires. 
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d  Gas  stoves  and  grates;  gas  heating  and  cooking  ap- 
pliances. 

e     Electric  heating  and  cooking  appliances. 

/  Testing  deA^ices,  including  anemometers,  tintometers, 
soot  gages,  automatic  gas  analyzing  devices,  etc. 

g  Fans  and  other  appliances  for  the  removal  of  dust  of 
various  kinds  from  industrial  plants. 

h     Smokeless  fuels,  both  natural  and  artificial. 

27  While  there  was  little  essentially  new  in  the  principles 
underlying  the  various  devices  exhibited,  there  has  been  a  marked 
improvement  made  within  a  few  years  in  their  design  and  me- 
chanical construction.  There  was  also  evidence  of  an  apprecia- 
tion and  careful  study  of  the  theoretical  side  of  the  question 
which  has  undoubtedly  contributed  largely  to  the  relatively  bet- 
ter results  obtained  in  recent  years.  The  exhibits  were  so  numer- 
ous and  varied  that  only  the  most  important  will  be  mentioned. 

MECHANICAL  STOKERS 

28  The  stoker  which  appeared  to  be  considered  the  best 
adapted  for  the  prevailing  conditions  in  England  is  the  chain 
grate  type. 

29  When  used  with  the  proper  fuel,  preferably  bituminous 
slack,  this  type  appears  to  meet  the  requirements  of  smokeless 
combustion  more  nearly  than  any  other  device,  particularly  with 
water  tube  boilers.  The  best  sample  of  this  stoker  exhibited  was 
by  the  Babcock  and  Wilcox  Compan3^ 

30  A  number  of  types  of  coking  stoker  were  shown,  the  best 
being  those  made  by  J.  Hodgkinson  of  Salford  and  E.  Bennis  of 
Bolton.  These  stokers  are  better  adapted  to  the  Lancashire  type 
of  boiler,  since  they  are  not  readily  forced.  In  their  action  a 
reciprocating  ram,  mechanically  driven,  and  located  in  the  bot- 
tom of  the  hopper,  forces  a  small  quantity  of  fuel  on  to  a  "  dead  " 
or  coking  plate  at  each  forward  stroke.  While  the  fuel  remains 
upon  this  plate  the  volatile  products  are  driven  off  and  the  coked 
coal  then  drops  upon  the  grate  bars  which  are  of  a  sliding  type 
and  actuated  by  a  cam  motion  on  the  front  end.  The  mass  of 
the  lire  is  constantly  carried  toward  the  rear  of  the  furnace  by 
an  intermittent  and  simultaneous  movement  of  all  the  bars,  the 
return  stroke  of  each  bar  being  independent. 

31  There  were  a  number  of  forms  of  sprinkler  stoker  shown 
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which,  although  of  ingenious  design,  have  not  proved  satisfac- 
tory where  smokeless  operation  is  desired. 

32  While  there  were  no  underfeed  stokers  exhibited,  there 
ar^  a  number  of  English  machines  of  this  class  giving  satisfaction 
under  the  proper  conditions.  The  best  known  are  the  Vickers, 
Bennis,  Underfeed  and  the  Proctor.  This  type  of  stoker  is  not 
so  well  adapted  for  use  with  the  average  fuel  available  in  Eng- 
land and  is  not  so  extensively  used  as  in  America. 

PATENT   FURNACES 

33  There  were  many  exhibits  under  this  head,  only  a  few  of 
which  possessed  real  merit.  The  majority  of  these  appliances 
consisted  simply  of  properly  controlled  steam  jets  with  special 
forms  of  grate  bars.  There  were  a  few  good  devices  for  the  auto- 
matic regulation  and  timing  of  the  supplementary  .air  supply, 
both  over  the  fire  and  below  the  grate.  The  best  of  these  was  the 
Kowitzke  furnace  which  was  excellently  designed  and  simple  in 
operation. 

34  Various  types  of  furnace  construction,  designed  to  effect  a 
better  mixing  of  the  gases,  were  also  shown.  The  Gregory  pat- 
ent furnace  makes  use  of  a  su^iplementary  jet  of  vaporized  fuel 
oil  ejected  over  the  fire,  which  is  claimed  to  add  materially  to 
the  efficiency. 

35  A  special  Jboiler  known  as  the  Bettington  is  designed  to 
allow  the  use  of  a  mixture  of  air  and  pulverized  fuel  or  coal  dust, 
introduced  b}^  air  blast  at  the  bottom  of  the  boiler  which  is  of  the 
vertical  type.  This  boiler  is  intended  for  use  at  mines  or  wher- 
ever fuel  of  a  finely  divided  character  is  available. 

MISCELLANEOUS  DEVICES 

36  A  device  for  the  optical  analysis  of  the  gases  of  combus- 
tion by  means  of  an  interferometer  was  shown  by  Carl  Zeiss  and 
Company.  It  is  based  upon  the  principle  that  the  refractive 
power  of  the  gases  is  dependent  upon  the  content  of  carbon 
dioxide.  A  gas  refractometer  is  so  calibrated  that  the  analysis 
of  the  gas  may  be  read  on  the  scale  by  simple  inspection.  A  spe- 
cial form  of  tintometer  was  also  shown  in  a  portable  form  for 
gaging  the  density  of  smoke  or  fog. 

37  The  numerous  forms  of  appliances  adapted  for  domestic 
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uses,  all  showed  improved  features,  but  need  not  be  described 
here. 

38  Other  interesting  exhibits  included  "  Coalite  "  and  other 
artificial  smokeless  fuels,  spark  and  soot  catching  chimney  cowls 
and  special  chimney  construction  for  effecting  a  dilution  of  the 
smoke  as  it  is  emitted. 

CONCLUSIONS  ON    SMOKE   ABATEMENT 

39  In  judging  of  the  merits  of  the  various  types  of  mechan- 
ical firing  appliances  exhibited,  it  should  be  recognized  that  all 
of  these  devices  were  designed  for  local  conditions  and  for  burn- 
ing English  or  Scotch  coals.  These  fuels  cost  from  $2.50  to  $3.50 
per  ton  at  the  plant,  contain  from  30  per  cent  to  35  per  cent  vola- 
tile matter  and  11,000  to  13,000  b.t.u.  per  lb.  In  these  respects 
the}^  correspond  to  our  Illinois  or  other  western  coals.  This  class 
of  fuel  is  not  aA^ailable  in  New  England  for  economic  reasons. 
The  freight  charges  on  coal  in  this  section  amount  to  about  $3.00 
or  nearly  three  quarters  of  the  average  cost  of  fuel  per  ton.  It 
is  therefore  not  feasible  or  economical  to  burn  any  but  the  high- 
est grade  of  bituminous  coal  in  this  part  of  the  country  for  in- 
dustrial purposes.  This  class  of  fuel  should  contain  about  14,- 
000  b.t.u.  per  lb.  and  not  over  20  per  cent  volatile  matter.  On 
the  chain  grate,  for  example,  which  gives  excellent  results  in 
England,  this  coal  could  not  be  burned  satisfactorily.  It  would 
be  impossible  to  maintain  a  proper  ignition  temperature  with 
such  a  low  per  cent  of  volatile  matter  without  an  excessive  draft 
which  would  give  large  losses  to  the  stack.  The  chain  grate  is 
meeting  with  success  in  this  country  wherever  fuel  of  the  lower 
grades  is  available. 

40  Of  the  other  devices,  perhaps  the  most  important  are  those 
automatically  controlling  the  air  supply,  both  over  and  under  the 
fire.  These  eliminate  the  personal  factor  of  the  fireman  and 
should  be  effective  on  any  type  of  hand-fired  furnace. 

41  In  conclusion,  smoke  abatement  may  be  best  effected  in 
the  present  state  of  the  art  of  fuel  burning  by  thorough  consider- 
ation of  the  following  conditions.  Careful  attention  to  one  or 
all  of  these  factors  by  competent  engineers  will  increase  the  effi- 
ciency of  any  plant  and  with  efficient  combustion  comes  smoke- 
less operation. 

1     Selection  of  a  suitable  fuel  with  provision  for  main- 
taining same  at  fixed  standard  of  heat  value. 
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2  Careful  scientific  study  of  the  conditions  prevailing  in 

the  plant,  including  draft,  composition  of  gases,  tem- 
peratures, etc. 

3  Design  or  selection  of  type  of  furnace  or  apparatus 

best  adapted  to  meet  these  conditions. 

4  Proper  construction  or  installation  of  same. 

5  Careful  selection  of  operating  force. 

G  Suitable  instrumental  aids  or  guides  for  the  firemen 
and  responsible  engineer. 

7  Frequent  and  thorough  inspection  to  insure  main- 
tenance of  highest  possible  efficiency. 

WORK  OF  THE  HAMBURG  SMOKE  ABATEMENT  SOCIETT 

42  Among  the  delegates  present  at  the  London  conference 
was  Herr  Nies,  chief  engineer  of  the  Vereins  fiir  Feuerungsbe- 
trieb  und  Eauchbekampfung,  of  Hamburg,  who  later  extended 
to  the  writer  in  Hamburg  inany  courtesies  which  brought  him 
into  contact  with  the  work  of  the  society. 

43  The  Hamburg  society,  which  was  organized  in  1902,  is 
essentially  different  from  other  organizations  of  this  character  in 
the  following  important  features : 

a  It  is  an  entirely  voluntary  organization  of  manufac- 
turers and  other  boiler  users  bound  together  only  by 
a  common  desire  to  obtain  greater  efficiency  and  less 
smoke  from  their  power  plants. 

h  The  working  staff  of  the  society  is  composed  wholly  of 
technically  trained  engineers. 

c  All  boilers  owned  by  members  are  under  the  systematic 
and  scientific  control  of  the  expert  staff  of  the  society. 

d  All  members  benefit  mutually  by  the  published  results 
of  all  tests  and  investigations  made  by  the  engineers. 

e  The  economy  of  smokeless  combustion  is  the  cardinal 
principle  and  the  members  have  been  convinced  of 
this  in  a  most  practical  manner,  in  the  savings  ef- 
fected in  fuel  consumption  by  their  co-operative  effort. 

44  The  society  now  numbers  436  members,  representing  1381 
boilers.  The  annual  dues  of  members  are  small,  being  only  $5 
and  $5  additional  for  each  boiler  in  their  plants.  The  society  is 
entirely  self-supporting  and  draws  its  funds  from  three  sources, 
annual  dues,  payment  for  special  work  or  reports,  and  payments 
for  outside  work. 
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45  The  education  and  control  of  firemen  in  the  proper  per- 
formance of  their  duties  are  also  undertaken  by  the  fireman  in- 
structors on  the  staff  of  the  society. 

46  Comparative  tests  of  fuels,  smoke  preventive  devices, 
etc.,  are  carried  out  by  the  engineers  and  the  results  are  circulated 
among  the  members.  Advice  is  also  given  on  purchase  of  fuel, 
the  buyers  being  educated  by  the  engineering  staff  to  appreciate 
the  importance  of  this  matter, 

47  The  engineering  staff  of  the  society  consists  of  a  chief  en- 
gineer, four  assistant  engineers  and  eight  trained  firemen  who 
act  as  fireman-instructors.  For  the  chemical  and  thermal  analy- 
sis of  fuels,  the  society  avails  itself  of  the  testing  laboratory  of 
Dr.  Aufhauser  at  Hamburg.  This  laboratory,  which  is  one  of  the 
most  complete  of  its  kind  in  Germany,  tests  about  2000  samples 
of  fuel  annually.  Dr.  Aufhauser  also  edits  a  periodical  called 
"  Smoke  and  Dust,"  to  which  the  engineers  of  the  society  are  fre- 
quent contributors. 

48  The  work  of  the  Hamburg  society  is  as  practical  and  ef- 
fective scientific  work  as  is  done  anywhere  along  these  lines.  The 
efficiency  of  the  plants,  under  its  control,  is  materially  bettered 
and  maintained,  the  owmers  derive  a  substantial  economic  gain 
and  the  smoke  problem  is  soh^ed  without  the  aid  of  the  usual 
unsatisfactor}^  legislation. 
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The  aim  of  the  Foreign  Review  is  to  present,  within  the  avail- 
able space,  the  main  data  contained  in  the  articles  indexed. 
Where  possible,  reference  is  made  to  English  or  American  pub- 
lications containing  fuller  information  on  the  subject  treated. 
Measures  are  given  both  in  original  units  and  their  English 
equivalents.  In  many  instances,  engravings  and  tables  are  repro- 
duced. Opinions  expressed  are  those  of  the  reviewer,  not  of  the 
Society.  Articles  are  classified  as  c  comparative;  d  descriptive; 
e  experimental ;  g  general ;  h  historical ;  m  mathematical ;  f  prac- 
tical; t  theoretical.  Articles  of  exceptional  merit  are  rated  A 
by  the  reviewer. 

Aeronautics 

Influence  of  a  Lateral  Wind  on  the  Efficiency  of  Propellers  {Influ- 
ence d'un  vent  lateral  sur  le  rendement  des  Mlices,  P  James.  UAeropMle, 
vol.  20,  no.  17,  p.  397,  September  1,  1912.  e).  The  experiments  of  Hiram 
Maxim  and  especially  those  of  Riabushinski  have  shown  that  the  quality 
of  a  propeller  is  improved  considerably  when  it  is  immersed  in  a  current  of 
air  inclined  to  the  axis  of  the  propeller.  In  the  experiments  of  Riabushin- 
ski a  propeller  in  calm  air  gave,  at  35  r.p.s.,  a  thrust  of  0.036,  with  a  quality 
of  0.08.  In  a  current  of  air  normal  to  the  axis  these  quantities  increased 
regularly  with  the  velocity  of  the  wind,  and  with  a  wind  of  6  m  (19.6  ft.) 
per  sec,  the  propeller  gave,  at  28  r.p.s.,  a  thrust  of  0.082,  with  a  quality 
1.16,  or  a  thrust  2.3  times,  and  a  quality  14.5  times,  better  than  in  calm  air. 
Since  the  power  required  to  produce  a  certain  thrust  is  inversely  propor- 
tional to  the  square  root  of  the  quality,  it  follows  that  in  the  second  case 
only  one-quarter  of  the  power  was  required  to  produce  the  same  thrust 
as  in  the  first  case.  It  must  be  noted,  however,  that  these  results  have 
been  obtained  with  a  stationary  propeller  and  therefore  apply  directly  only 
to  the  case  of  elevating  propellers.  The  author  believes  that  this  may 
explain  why  propellers  located  behind  the  planes  have  a  better  efficiency ; 
it  is  because  they  work  in  the  air  thrown  downwards  by  the  planes,  and 
therefore  making  a  certain  angle  with  their  axes. 

Bicycle  with  Wings  {Das  gefliigelte  Fahrrad,  Jos.  Hofmann,  Prome- 
theus, vol.  2S,  no.  1190,  p.  721,  August  17,  1912.  4  pp.,  4  flgs.  t).  Theoret- 
ical investigation  of  conditions  of  motorless  flight.  The  author  believed 
that  under  certain  conditions  which  he  investigates  in  detail,  such  compe- 
titions as  the  one  recently  held  in  Paris  may  be  of  value. 
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Researches  on  the  Stability  of  Aeroplanes  (Recherches  sur  la  stabll- 
ite  de  raeroplane.  Bulletin  de  la  classe  des  sciences,  Acad6tnie  Royale  dc 
Belgique,  J.  Pacotte,  1932.  No.  4,  p.  292,  18  pp.  mt).  A  theoretical  investi- 
gation of  the  problem  of  stahility  of  aeroplanes.  The  author's  theory  is  based 
on  the  expression  of  the  motions  of  an  aeroplane  by  a  system  of  nine  differ- 
ential equations.  He  introduces  the  notion  of  quasi-permanenee,  or  a  state 
tending  towards  permanence,  and  by  this  means  limits  the  mimber  of  his 
eqiiations  to  six.  and  further  shows  mathematically  that  a  sufHeiently 
Steep  ascent  produces  lateral  instability,  while  a  sufficient  velocity  produces 
lateral  stability.    The  author  investigates  among  other  things  the  equation 


To  Low 
Pressure 
Cylinder 


Fig.   1     Automatic  Pressure  Regulation  of  Air  Compre.ssor 


giving  the  criterion  of  stability;  rolling,  veering  and  pitching;  necessary 
and  sufficient  conditions  of  stability.  The  whole  subject  is  treated  uiathe- 
uiatically  by  elementary  calculus  in  n  \c\-y  cle;ir  m.-inner. 

Air  Machinery 

A  Modern  Swedish  Compressed  Air  Pijvnt  {Eine  neuzeitliclic  schivc- 
dische  Druclduftunla<jc,  II.  Eriksson,  Gliickuuf,  vol.  48,  no.  84,  p.  13fiS, 
August  24,  1912.  4  pp.,  S  tigs.  ]id).  Description  of  the  conq)ressed  air 
plant  of  the  Striberg  Company.  Rogler-Egnell  valves  are  used  practically 
the  same  as  the  Hoerbiger-Rogler  valves  describetl  in  The  Journal  by 
W.  Trinks.^  The  pressure  regulator  of  the  air  compressor  is  shown  in 
Fig.  1.  In  the  regulator  valve  three  pas.sages  come  together  at  a  single 
point,  the  upper  passage  communicating  with  the  compressed  air  discharge 
piping,  while  the  other  two  are  connected  with  devices  for  closing  the 
suction  valves  of  the  cylinders.  At  the  point  of  intersection  of  the  three 
passages  is  placed  a  steel  ball  a  held  air  tight  against  the  opening  of  the 

'Reciprocating  Blast-Fiirnacc  BlowinR  Engine,  .Tiily,  1011,  p.  775. 
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upper  passage  by  .the  spiral  spring  c  pressing  against  the  piston  &.  When 
the  pressure  of  the  conii)resse{l  air  on  tlie  ball  excoefls  the  pressure  of  the 
spring,  the  ball  is  forced  downwards,  and  compressed  air,  flowing  into  the 
two  side  passages,  is  letl  through  small  diameter  copper  pipes  to  the  suc- 
tion valves  of  the  high  and  low-pressure  cylinders  where  it  acts  on  the 
piston  (/;  the  grip  /  forces  the  valve  plate  from  its  seat  and  opens  the 
valve;  the  low-pressure  cylinder  is  now  connecteil  with  the  external  air, 
and  the  high-pressure  cylinder  with  the  piping  leading  to  the  intermediate 
cooler,  while  the  open  suction  valve  connects  both  sides  of  the  piston,  so 
that  the  compressor  takes  only  as  much  power  as  when  driven  at  no-load. 
When  the  air  pressure  has  gone  down  enough  to  permit  the  spring  to  drive 
the  ball  back  against  the  opening  of  the  upper  passage,  the  admission  of 
compressed  air  to  the  piston  d  is  cut  off,  and  the  compressor  starts  to  work 
again.  By  adjusting  the  spring  o,  the  regulator  may  be  regulated  for  any 
desired  pressure. 

Hydraulics 

Hydraulic  Tukbine  Governor  (R^gulateur  de  turbines  hydrauliques. 
Le  G6nie  Civil,  vol.  61,  no.  16,  p.  324,  August  17,  1912.  1  p.,  .3  flgs.  d). 
Description  of  a  new  type  of  hydraulic  turbine  governor  built  by  Briegleb 
and  Hansen,  of  Gotha,  Germany.  The  object  of  the  introduction  of  the 
new  type  was  to  make  a  governor  that  would  be  entirely  independent  of 
the  dimensions  of  the  turbine  or  head  of  water,  and  one  which  could 
therefore  be  manufactured  in  series.  This  governor,  as  shown  in  Fig.  2A, 
consists  of  two  sets  of  parts  divided  by  the  dotted  line  xx:  above  is  the 
governor  proper,  the  parts  of  which  are  subject  to  but  slight  stresses ; 
below  the  mechanism  guiding  the  action  of  the  turbine  vanes  and  therefore 
developing  or  transmitting  considerable  mechanical  efforts ;  as  a  conse- 
quence they  are  much  stronger  than  those  of  the  first  group.  The  rotary 
oil  pump  P  drives  the  oil  from  the  tank  C  into  a  pipe  provided  with  the 
by-pass  valve  S  which  lets  the  oil  back  into  the  tank  C  as  soon  as  the 
pressure  of  oil  in  the  air  tank  R  exceeds  a  certain  i)redetermined  maxi- 
mum. From  this  pipe  the  oil  passes  to  the  slide-valve  which  admits  it 
either  above  or  below  the  piston  A,  in  its  turn  directly  connected  with  the 
tlood-gates  of  the  turbine  which  it  opens  in  going  down,  and  closes  in  going 
up.  The  governor  proper  (upper  part  of  the  figure,  above  the  line  xx) 
consists  of  a  sensitive  centrifugal  governor  B  which  acts  on  the  lever  D 
having  its  other  end  connected  to  the  slide-valve  T.  The  axis  of  rotation 
of  the  lever  D  is  a  knife-edge  at  the  top  of  the  vertical  rod  L,  the  length 
of  which  may  be  adjusted  by  means  of  the  casing  G.  The  rod  L  is  con- 
nected with  another  rod  M  by  a  nipple  F  provided  with  a  friction  pulley 
rolling  along  the  surface  of  the  friction  gear  E  which  is  held  against  it  by 
the  spring  .s  and  kept  in  continuous  rotation  transmitted  to  it  from  the 
centrifugal  governor  spindle  by  means  of  the  bevel  gear  shown  to  the 
left  of  s.  The  rod  M,  which  is  a  prolongation  of  L,  is  connected  with  the  stem 
of  the  piston  A  by  the  slot  H  which  permits  regulating  the  ratio  of  vertical 
motions  of  the  rod  M  and  piston  A. 

If,  when  the  s])eed  of  the  turbine  is  normal,  the  load  should  happen  to 
fall  off,  the  speed  tends  to  increase,  and  the  governor  l)alls  deflect.     The 
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lever  D  tips,  with  the  end  away  from  B  going  down,  and  forcing  to  its 
lower  position  the  slide-valve  T  which  opens  to  the  oil  under  pressure  a 
passage  under  the  piston  A,  and  sets  the  upper  chamber  of  the  cylinder  in 
connection  with  the  by-pass  leading  to  the  tank  C.  As  a  result  the  piston 
A  rises,  and  thereby  causes  the  flood-gates  of  the  turbine  to  close.     But  at 


Fig.  2     Water  Turbine  Governor 


the  same  time  this  motion  of  the  piston  is  transmitted,  by  the  rods  M  and 
L,  to  the  central  fulcrum  of  the  lever  D,  and  causes  it  to  bring  the  slide- 
valve  back  to  its  neutral  position.  Fig.  2B  shows  the  lever  in  its  various 
positions.  The  article  describes  also  how  the  turbine  may  be  allowed  to 
run  at  no-load  at  a  speed  slightly  different  from  that  at  normal  load, 
which  is  convenient  in  the  case  of  turbines  driving  alternators  in  parallel. 
The  centrifugal  governor  is  shown  in  detail  in  Fig.  2C.  Its  great  sensitive- 
ness comes  from  the  elimination  of  the  sleeve  and  a  certain  number  of 
levers  and  fulcra  which  increase  the  friction.  The  essential  parts  of  the 
governor  are  two  movable  masses  V  subject  to  the  action  of  the  centrifugal 
force  and  set  at  the  ends  of  the  levers  N,  the  other  ends  of  these  levers 
being  interconnected  by  the  feed  rod  B  while  the  spring  R  provided  with 
knife-edge  contacts  (to  decrease  friction  to  a  minimum)  tends  to  counteract 
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the  tendency  of  the  balls  V  to  deflect.  The  spindle  transmitting  the  motion 
of  the  masses  V  to  the  governor  valves  has  its  point  of  application  at  the 
center  of  the  feed  rod  B. 

On  the  Selection  of  a  Type  of  Water  Turbine  in  Doubtful  Cases 
(Obcr  die  Wahl  der  WasserturMnengattung  in  ziveifelhaften  Fallen,  F. 
Leubner.  Zeits.  des  Vereines  deutscher  Ingenieure,  vol.  5G,  no.  31,  p.  1244, 
August  3,  1912.  21^  pp.  p).  When  from  the  turbine  engineer's  point  of 
view  either  a  Francis  or  a  free-jet  turbine  may  be  applied,  and  the  economic 
speed  of  either  is  convenient  for  direct  driving  the  selected  type  of  gen- 
orator,  the  installation  of  a  Francis  turbine  instead  of  a  free-jet  turbine 
may  be  recommended  only  when  the  water  to  be  used  is  clean,  and  no  pro- 
longed underloading  of  the  turbine  is  expected  during  the  operation. 
The  author  shows  that  if  the  speed  of  rotation  of  a  Francis  turbine  is  low, 
while  the  head  is  high  and  the  amount  of  water  large,  the  Francis  tarbine 
works  practically  as  a  pressure  turbine ;  there  is  a  tendency  of  the  water 
to  work  loose  from  the  back  side  of  the  blades,  and  eddies  are  formed 
which  help  the  gases  contained  in  the  water  to  become  free.  These  gases 
attack  the  blades,  which  in  a  short  time  become  worn,  and  sometimes  full 
of  holes.  The  advantages  of  the  Francis  turbine,  viz.  large  power  output 
and  low  first  cost,  must  therefore  never  be  solely  considered  when  selecting 
a  turbine  type. 

Experiments  in  Making  Visible  Flow  Phenomena  in  Suction  Piping 
{Versuche  iiber  die  Sichtbarmachung  der  Stromungserscheinungen  im 
Saugrohr,  V.  Kaplan.  Die  Turbine,  vol.  8,  no.  22,  p.  403,  August  20,  1912. 
4  pp.,  12  figs.  e).  Data  from  experiments  at  the  German  Technical  High 
School  in  Brunn,  Austria.  Glass  suction  pipes  were  used  for  the  observation 
of  various  processes  in  the  suction  pipe  of  water  turbines,  and  instantane- 
ous photographs  taken  at  various  moments. 

Processes  of  Filling  and  Emptying  of  the  Suction  Pipes.  Immediately 
following  the  admission  of  the  water  into  the  upper  penstock,  it  flows 
through  the  suction  pipe  in  a  spiral,  due  to  the  rotation  of  the  wheel  at  no- 
luad.  When  the  pipe  is  half  full,  the  photograph  shows  the  formation  at 
the  bottom  of  the  pipe  of  an  almost  uniform  mass  of  liquid,  still  containing 
however  eddying  air-bubbles.  The  limiting  surface  of  the  water  core  is 
indicated  by  white  foam  above  which  the  water  is  still  in  spirals.  A  few 
seconds  later  the  pipe  is  filled  and,  if  it  has  an  air  tight  connection  with 
the  wheel  frame,  it  appears  to  be  filled  with  a  perfectly  clear  and  trans- 
parent liquid.  The  process  of  emptying  the  pipe  is  similar  to  that  of 
filling. 

The  problem  of  making  visible  flow  phenomena  in  suction  pipes  was 
attacked  in  several  ways  of  which  only  one  proved  to  be  satisfactory. 
Introduction  of  clay  or  chalk  powder  caused  the  water  to  lose  some  of  its 
transparency  without  clearly  indicating  the  flow  phenomena  owing  to  the 
small  size  of  the  particles.  Solutions  of  coloring  matter  proved  unsatis- 
factory because  they  formed  a  thorough  mixture  with  the  water,  and  the 
"  colored  line "  became  indistinguishable.  A  better  method  was  found  by 
introducing  some  liquid  in.soluble  in  water,  e.  g.  oil  or  petroleum,  but  it 
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had  the  disailvantage  of  making  the  whole  iiistaUation  dirty.  The  author 
devised  a  nietliod  shown  in  Fig.  3  where  d  is  a  buucli  of  hemp  introduced 
into  the  pipe  on  a  iiie<e  of  thin  steel  wli'e.  The  device  indicated  the  flow 
phenomena  very  well  when  the  hemp  was  not  too  long.  The  photographs 
in  the  article  show  the  relation  between  speed  of  rotation,  efficiency  and 
direction  of  flow. 

Internal  Combustion  Engines 

New  Experiments  on  the  Combustion  of  Nitrogen  in  Exploding  Gas 
Mixtures  (Neue  VersucJie  iiher  die  titickstoffrerhrennnng  in  explodierendcn 
Gasgcrniftchen,  F.  Hausser.     Zcits.  des  Vereinex  deiitschcr  fu<jcnieure,  vol. 


4-A7 


Fig.  3     Apparatus  for  making  Phenomena  of  Flow  in  Water  Pipes   Visible 


56,  no.  29,  p.  1157,  July  20,  1912.  7  pp.,  11  tigs.  eA).  The  comhuation  of 
nitrogen  at  high  teiuperaturcs,  proceeding  according  to  the  simple  equation 
Na  +  02  =  2NO,  is  considered  to  be  a  purely  thermal  reaction  depending 
exclusively  on  the  temperature,  but  independent  of  the  manner  in  which 
the  temperature  is  produced.  This  was  further  proved  by  the  experiments 
of  Nernst,  who  passed  air  through  externally  heated  platinum  or  iridium 
tubes  and  found  that  the  production  of  oxide  of  nitrogen  varies  with  tem- 
perature, or  follows  the  equation  of  van't  Iloft", 

d  In  K  q 

~~dT       ^  ■"  RT- 
where  q  is  the  heat  change  due  to  reaction,  R  gas  content,  T  absolute  tem- 
perature of  transformation,  K  constant  of  equilibrium,  which  is  in  this 
case  determined  by  the  equation 

K= i^ 

(N  —  0.5NO )  ( O  —  0.5NO ) 

with  NO  contents  of  oxide  of  nitrogen.  N  and  O  contents  of  nitrogen  and 

oxygen  apart  from  what  is  contained  in  the  oxide  of  nitrogen,  all  in  per- 
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centage  of  volume.  The  integration  of  the  van't  Iloff  tHjuation  gives,  with 
decimal  logarithms  instead  of  natural, 

log  A-  +i^^-  1.07 

whit-li  e.xpresses  also  the  maximum  amoimt  of  oxide  of  nitrogen  which  can 
l>e  fornu^l  in  a  gas  mixture  heated  to  T  deg.  and  containing  any  amounts 
of  nitrogen  and  oxygen,  provided  the  formation  of  oxide  of  nitrogen  is  a 
I)urely  tlu'rmal  one,  and  the  chemical  equilihrium  corresponds  to  the  tem- 
perature 7'  and  is  constantly  maintained  so. 

In  a  si'rics  of  experiments  the  author  found  that  the  contents  of  oxide 
of  nitrogen  varies  with  the  size  of  the  explosion  chamher :  while  in  his 
lirst  experiments  with  small  bombs  the  contents  of  oxide  of  niti'ogen 
corresponded  fairly  well  to  what  would  be  theoretically  expected,  in  the 
later  exjteriments  with  three  times  larger  bombs  the  amoinit  of  oxide  of 
nitrogen  producetl  was  found  to  be  86  to  116  per  cent  above  what  was 
theoretically  expected.  The  author  analyses  the  possible  reasons  for  such 
a  divergence,  and  ascribes  the  production  of  tlie  excess  of  oxide  of  nitrogen 
to  photoclicmival  effects,  a  supposition  partly  supported  by  the  experiments 
of  Warburg  and  Berthelot  with  the  formation  of  oxide  of  nitrogen  by 
silent  electric  discharges  in  air.  One  of  the  interesting  things  shown  by 
these  experiments  is  that  as  the  time  during  which  the  temperature  re- 
mains at  its  maximum  increases,  the  contents  of  oxide  of  nitrogen  increases 
also,  apparently  according  to  a  parabolic  law.  For  the  application  of  the 
above  data  to  the  fixation  of  atmospheric  nitrogen  see  Engineering,  Septem- 
ber 6,  1912,  p.  329. 

Investigation  of  Carbureters  of  Motor  Vehicles  {Sludie  iiber  die  Ver- 
gaser  von  Moiorfahrzeugen,  A.  Heller.  Zeits.  des  Vereines  deutscher  Ingenieure, 
vol.  56,  no.  27,  p.  1075,  July  6,  1912.  9  pp.,  19  figs.  teA).  Surface  carbureters 
are  now  antiquated  although  the  fact  that  they  produce  actual  evaporation  of 
the  fuel,  and  therefore  deliver  a  mixture  with  no  fuel  present  in  liquid  form,  is 
an  incentive  to  return  to  that  type.  The  spray  carbureter  was  first  theoretically 
investigated  by  Ivrebs  who  proposed  his  well-known  formulae  for  the  velocities 
of  the  flow  of  fuel  and  air  through  a  carbureter  nozzle.  He  proved  that  as  the 
speed  of  rotation  of  the  engine  and  the  partial  vacuum  in  the  carbureter  in- 
creases, there  must  be  additional  passages  open  to  the  air  in  order  to  keep  the 
ratio  of  mixture  between  fuel  vapor  and  air  invariable.  &ebs  embodied  his 
ideas  in  his  carbureter  known  as  the  Panhard  and  Levassor,  and  nearly  all  the 
carbureters  in  use  are  based  on  the  Krebs  law  of  additional  air  supply.  Still  the 
theoretical  bases  of  the  Krebs  law  are  not  correct  because  the  flow  of  fuel  through 
a  nozzle  of  a  carbureter  does  not  follow  the  law  Vb=  V2g/i  or  rB=  yi2g{h—h') , 
but,  as  was  .shown  by  Rummel  and  others,  rather  a  law  corresponding  to  the 
Poiseuille's  law.' 

The  theory  of  internal  friction  leads  to  the  assumption  of  proportionality 
between  the  pressure  of  frictional  resistance  and  the  first  degree  of  velocity,  or 

The  lack  of  agreement  between  this  formula  and  experimental  data  is  usually 

'  For  Poiseuille's  law,  see  O.  Reynolds,  On  the  Motion  of  Water  and  the  Law  of  ResistaJice 
in  ParHJiol  Channels,  Philosophical  Transactions,  1883,  vol.  174,  p.  935. 
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explained  by  the  fact  that  while  the  theory  of  friction  assumes  a  Uquid  jet  of 

constant  direction  and  close  flow  there  are  actually  eddies  of  which  the  influence 

varies  directly  as  the  square  of  velocities.    According  to  Reynolds  the  effect  of 

eddies  appears  when  the  velocity  exceeds  a  certain  critical  value  (in  c.  g.  s.) 

1  -n' 
j;k  =  26j'- 

where  i\'  is  the  relative  coefficient  of  internal  friction,  and  s'  the  relative  density 
of  the  fluid,  both  with  respect  to  water  of  10  deg.  cent.  (50  deg.  fahr.).  Reynolds 
found  also  that  for  the  range  above  the  critical  point  frictional  resistance  is  pro- 
portional to  the  1.7  power  of  the  velocity.  There  is  therefore  in  the  region  of 
the  critical  velocity  a  state  of  unstability  with  formation  of  eddies  at  the  shghtest 
disturbance.    Further  Griineisen  has  shown  that  the  value  of  the  critical  velocity 


S   W  IS  W  2S  30  3B  40  4B  SO  SB  60  6S  TO  75 

h  =  cni 

Fia.  4    A  Rummel's  Data  on^Flow  of  Water  throtjgh  Caebuheter  Nozzles;  B  and  C  Car- 
bureter Nozzles 


at  which  values  calculated  from  Poiseuille's  formula  differ  from  actual  values  by 
more  than  0.1  per  cent,  is  considerably  lower,  viz.  (in  c.  g.  s.): 


t>k  =  6.6XlO- 


^)Kr-r 


and  therefore  one  cannot  assume  any  longer  the  existence  of  a  perfect  propor- 
tionality between  the  first  degree  of  the  velocity  of  efflux  and  frictional  resistance. 
Rummel  assumes  for  the  frictional  resistance  a  law  of  the  form 


7b 


^aiV-QArdiVi?- 


the  basis  for  this  assumption  being  that,  theoretically,  only  the  first  2  deg.  of 
velocity  can  affect  frictional  resistance.  He  uses  for  the  flow  of  fuel  through  the 
nozzle  of  a  carbureter  the  usual  law  of  flow  of  Uquida 
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-—+h'-\ — -  =  ho—h 


A9  yn 

where  ho  =  0  (atmospheric  pressure) .  This  finally  gives  him  the  following  equa- 
tions : 

where  Qb  is  the  amount  of  fuel  flowing  in  time  t,  and  Fr  the  cross-section  of  the 
nozzle  outlet.  Subscript  B  refers  to  fuel  (Brennstoff),  and  L  to  air  (Luft).  The 
values  of  Ci  and  Cj  have  to  be  determined  for  each  case.  Rummel  made  his  ex- 
periments with  water;  Fig.  4A  gives  the  results  of  his  experiments  on  the  flow  of 
water  through  carbureter  nozzles,  made  with  a  nozzle  of  variable  length  and 
0.072  cm.  (0.028  in.)  in  diameter.  It  is  clear  that  frictional  resistance  has  the 
greatest  influence  on  the  amount  of  fuel  deUvered  by  a  carbureter  nozzle.  The 
author  quotes  some  experiments  on  the  flow  of  fuel  through  carbureter  nozzles 
which  show  that  the  above  equations  are  approximately  correct  (Cp.  Horseless 
Age,  August  19  and  26,  1908). 

The  flow  of  air  through  carbureter  openings  may  be  accepted  to  follow  Zeuner's 
equation  of  velocity: 


vl  =  MA^  rii- 


•i'W) 


where  T  is  absolute  initial  temperature)  po  initial  or  external  pressure,  p  pressure 
at  the  nozzle,  m  outflow  exponent  equal  to  1.286.  Since  the  variations  of  pres- 
sure in  the  case  of  flow  through  a  nozzle  are  extremely  slight,  the  formula  may  be 
simpUfied  by  neglecting  the  changes  in  specific  volumes,  this  being  permissible 
in  such  cases  as  was  shown  by  the  experiments  of  Durley.^  This  brings  us  to  the 
Fhgner  formula  for  the  quantity  discharged;  for  the  average  temperature  t  this 
formula  may  be  expressed  in  the  form 

The  processes  of  flow  of  air  and  liquid  fuel  through  the  carbureter  now 
appear  to  be  approximately  clear.  The  relation  between  the  amount 
of  fuel  and  air  discharged  and  the  partial  vacuum  H  in  the  carbureter  is 
such  that  it  alone  may  sufficiently  explain  why  the  richness  of  the  mixture 
increases  with  the  increase  in  the  speed  of  the  motor. 

In  actual  design  an  effort  is  made  to  keep  the  relation  z    _. —  as 

much  as  possible  constant  for  all  values  of  H.  This  can  be  done  in 
the  following  ways : 

(a)  The  carbureter  is  adjusted  usually  by  suitably  adjusting  the  nozzle 
opening  on  the  testing  stand,  for  a  given  minimum  partial  vacuum  so  that 
at  this  partial  vacuum  z  may  have  what  is  considered  to  be  the  best  value 
(say  1:16),  and  then  larger  air  passages  are  provided  in  order  that,  as 

Trans.  Am.  Soc.  M.  E.,  1906,  p.  193. 
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the  speed  of  the  motor  rises,  the  minimum  partial  vacuum  should  not 
increase  in  proportion  to  the  increase  in  the  suction  action  of  the  motor. 
This  is  practically  what  the  Krebs  process  does.  Only  automatic  supple- 
mentary air  valves  may  he  used,  since  on  the  road  the  partial  vacuum 
cannot  be  observed  or  measured  so  as  to  be  adjusted  by  hand  for  various 
speeds.  Though  theoretically  uuattackable,  the  method  of  supplementai-y 
air  admission  in  practice  is  far  from  being  satisfactory.  The  adjusting 
and  testing  of  carbureters,  owing  to  the  lack  of  proper  methods  of  measure- 
ment, but  seldom  give  sufficiently  reliable  results,  and  at  the  same  time 
constitute  a  liindram-e  to  mass  production.  It  is  inconvenient  to  have 
molors  constructed  on   gages  witli   no   tiling  or  scraiiing  allowed,   run   for 


Valve 


Fia.  5     Gas  Producer  with  Pernot  Reqdlator 


hours  on  the  testing  stand  only  in  order  to  have  the  carbureter  adjusted. 
The  curvilinear  shape  of  the  supplementary  air  passages  cannot  be  copied 
so  exactly  in  factory  production  as  to  require  no  subse<pient  filing,  and 
it  is  just  as  little  possible  to  produce  springs  in  large  amounts  for  the 
automatically  acting  air  valves  in  which  tlie  tension,  when  the  spring  had 
been  placed  in  the  assembled  carbureter,  should  vary  in  exact  accordance 
with  requirements  established  experimentally.  The  supplementary  air 
method  gives  therefore  machines  which  work  well  on  the  testing  stand,  but 
not   in  llie  average  conditions  of  street  work. 


Qx 


(h)   The  second  method  of  maintaining  the  ratio  of  mixture  z  =  . 

constant  is  by  having  the  air  admission  opening  of  constant  cross-section, 
and  varying  the  admission  of  fuel.  This  method  is  comparatively  little 
used,  because,  especially  with  fine  nozzle  openings  and  in  the  hands  of 
inexperienced  drivers,  it  may  lead  to  excessive  consumption  of  fuel.  If 
this  method  be  applied  at  all,  there  ought  to  be  a  device  for  contracting 
the  fuel  passage  when  the  motor  begins  to  run  at  high  speed ;  in  most 
of  the  so-called  carbureters  with  adjustable   valves    (Rcgisterrcrgasern), 
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however,  when  the  partial  vacuuiu  increases,  additional  passages  for  fuel 
are  opened  (a  full  discussion  of  the  Zenith  carhureter  follows). 

The  solution  of  the  problem  of  constructing  a  carbureter  that  would 
work  equally  well  at  all  partial  vacua  in  the  mixing  chamber  lies  in  finding 
a  better  form  of  nozzle.  The  usual  carbureter  nozzle  is  made  generally 
with  a  cross-section  like  that  shown  in  Fig.  4B.  and  to  them  applies  Rum- 
mel's  fornuila  for  the  outtlow 

Should,   however,   tlie  nozzle   be   designed    that   the   simi)le   parabolic   law 


Fig.  6     Oerlikon  Centrifugal  Sand  Cleaner 


cQ|=:if  might  be  applied  to  it,  all  the  troubles  of  the  present  carbureter 
construction  would  be  eliminated  since  the  flow  of  air  and  liquid  would 
follow  the  same  law,  and  the  ratio  of  mixture  would  be  independent  of 
the  partial  vacuum  in  the  mixing  chamber.  The  author  proves  experi- 
mentally that  nozzles  w'ith  a  cross-section  like  that  shown  in  Fig.  4C  very 
closely  approach  this  ideal  condition  in  being  nearly  independent  in  their 
action  of  variations  in  partial  vacuum.  The  peculiar  characteristic  of  such 
nozzles  is  the  extremely  short  length  of  their  tubular  part.  In  his  work 
Kummel  found  that  the  regularity  of  the  ratio  of  mixture  may  be  improved 
by  the  use  of  very  short  nozzles.  He,  however,  limited  the  length  of  nozzles 
to  1  mm  (0.039  in.),  but  the  shorter  the  nozzle,  the  less  noticeable  is  the 
effect  of  capillarity  which  is  the  main  cause  of  the  flow  of  fuel  differing 
from  that  of  air  at  various  partial  vacua.  It  would  therefore  be  reason- 
able to  expect  that  in  a  nozzle  with  no  capillarity  at  all,  the  flow'  would 
follow  the  parabolic  law,  just  as  in  the  case  of  flow  through  an  opening 
in  a  thin  wall.  The  article  also  contains  data  of  tests  on  variation  of 
pressure  in  the  suction  piping  of  a  multi-cylinder  engine. 
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Regulator  fob  Gas  Producers  Having  Artificial  Draft,  C.  Pebnot  Sys- 
tem (Reyulateur  de  marche,  systeme  C.  Peniot,  pour  gazogenes  a  tirage 
fared,  A.  Maillon.  La  technique  moderne,  vol.  5,  no.  4,  p.  137,  August  15, 
1912.  ^2  p.,  1  fig.  d).  Description  of  a  device  intended  to  be  used  vs^ith 
gas  producers  having  a  draft  produced  by  blowing  in  steam  or  air.  If  the 
pressure  below  the  furnace  be  P  (Fig.  5),  there  will  be  a  pressure  p,  less 
than  P,  above  the  layer  of  coal.  By  means  of  a  suitably  arranged  system 
of  passages,  a  part  of  the  tiuid  at  the  pressure  P  is  conducted  from  under 
the  furnace  to  an  adjustable  steam  expander,  whence  it  comes  out  with  a 
pressure  P'  below  P,  but  above  p,  and  this  fluid  at  a  pressure  P'  is  used  for 
blowing  in  through  the  handholes  while  the  attendant  uses  the  slice-bar. 
If  the  pressure  P'  is  conveniently  chosen,  it  will  prevent  the  gases  at  the 
pressure  p  from  escaping  from  the  furnace,  which  is  important  from  a 
hygienic  point  of  view.  It  is  also  important  in  regulating  automatically 
the  action  of  the  producer.  Suppose  that  the  pressures  P,  p  and  P'  have 
been  so  adjusted  that  there  is  no  evolution  of  smoke  or  deleterious  gases 
at  the  handholes.  Should  cracks  appear  in  the  fuel  bed  or  should  the  bed 
become  too  thin,  the  ratio  of  pressures  will  change,  and  the  furnaceman 
will  have  to  see  to  it  for  his  own  convenience.  The  author  states  that  this 
device  was  tried  with  satisfactory  results  with  Siemens  gas  producers. 

Machine  Shops 

New  Centrifugal  Sand  Cleaner  (Neue  SandschleudermasGhine,  H. 
Thieme.  Eisen-Zeitung,  vol.  33,  no.  31,  p.  556,  August  3,  1912.  1  p.,  3  figs. 
d).  Description  of  a  centrifugal  sand  cleaner  lately  placed  on  the  market  by 
the  Oei'likon  company.  The  sand  is  thrown  from  above  into  the  hopper 
(Fig.  6),  and  falls  upon  a  horizontal  plate  (I^ig.  6)  bolted  to  the  end 
of  the  vertical  shaft  of  the  electromotor,  and  provided  with  three  concentric 
rows  of  vertical  staggered  round  bolts.  The  motor  may  work  on  direct 
current  or  alternating  current,  and  take  power  from  any  lighting  circuit. 
The  sand  is  thrown  by  centrifugal  force  against  the  rows  of  bolts,  forces 
its  way  through  them  and  falls  in  a  finely  divided  state  in  a  circular  heap 
on  the  ground  ready  for  use.  The  iron  particles  stick  in  the  middle 
of  the  plate  and  may  be  easily  removed.  The  sand  may  be  used  for  machine 
molding  without  further  screening  or  other  treatment.  A  2-h.p.  motor 
working  at  960  r.p.m.  can  treat  as  much  sand  as  two  or  three  men  can 
shovel  into  the  hopper,  or  approximately  300  to  500  kg  (660  to  1100  lb.) 
per  minute.     It  does  not  require  special  foundations. 

Autogenous  Welding  of  Copper  and  Copper  Alloys  (Die  autogene 
Schiveissung  von  Kupfer  und  Kupferlegierungen.  Acetylen,  vol.  15,  no. 
14,  p.  125  ( in  the  pagination  of  the  appendix  "  Autogene  Metallbearbev- 
tmig."  5  pp.,  5  figs.  p).  R.  Amedeo,  engineer  of  the  Union  de  la  Soudure 
Autoggne  in  Paris  has  published  a  monograph  on  the  above  named  subject 
in  which  he  makes  the  following  recommendations  for  the  autogenous  weld- 
ing of  copper:  (a)  the  metal  added  (melt-bar)  must  have  a  melting  point 
near  that  of  the  material  welded;  (b)  it  must  absorb  as  little  gas  as  pos- 
sible, in  order  to  produce  a  joint  without  porous  places;  (c)  it  must  con- 
tain  some  deoxidizer   capable  of   breaking  up   solutions   of   oxides ;    this 
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deoxidize!'  must  be  siicli  as  easily  to  penetrate  throughout  the  metal  and, 
after  reducing  the  oxides,  form  such  combinations  which  would  not  tend 
to  remain  in  the  molten  metal ;  the  amount  of  the  deoxidizer  present  must 
be  just  large  enough  to  deoxidize  the  metal  melted  by  the  welding  flame, 
since  an  excess  of  the  deoxidizer  is  apt  to  affect  the  mechanical  qualities 
of  the  metal.  Mr.  Amed6o  also  points  out  that  the  use  of  electrolytic 
copper  is  entirely  unsatisfactory,  since  it  forms  weak  joints  owing  to  the 
absence  of  some  action  preventing  the  formation  of  oxides.  The  applica- 
tion of  welding  fluxes  is  not  sufficient  to  destroy  copper  oxides,  because 
their  action  is  superficial,  and  the  oxides  remain  in  solution  in  the  molten 
metal. 

The  article  seems  to  give  preference  to  phosphorus-copper  alloy  for  added 
metal,  but  contains  also  a  discussion  of  copper  alloys  with  aluminum,  zink, 
tin  and  antimony. 

Installation  for  Automatic  Preparation  of  Core  Sand  in  the  Foundry 
OF  De  Fries  &  Co.,  in  Dusseldorf,  Germany  (Automatische  Eernsandauf- 
bereitungs-Anlage  in  der  Oiesserei  von  De  Fries  <&  Gie.,  Dusseldorf. 
(Hesserei-Zcitung,  vol.  9,  no.  16,  p.  516,  August  15,  1912.  2  pp.,  4  figs.  d). 
Pure  Rhine  gravel  with  from  3  to  5  per  cent  of  very  viscous  oil  is  used 
for  making  cores  for  radiators  and  sectional  boilers ;  as  long  as  hand  prepa- 
ration and  mixing  were  used,  the  distribution  of  oil  throughout  the  core  was 
not  uniform  and  when  the  core  was  dried,  cracks  would  appeal*.  This 
difliculty  was  overcome  when  the  mixing  machine  shown  in  Fig.  7  was 
introduced.  The  gravel  in  carloads  is  placed  in  the  bunkers  a,  and  thence 
conveyed  by  the  conveyer  b  to  the  bin  c  provided  at  the  bottom  with  a 
telescoping  tube.  The  other  end  of  the  tube  leads  to  a  rotating  wiper 
plate  d  which  throws  on  to  the  tub  mixing  machine  e  all  the  gravel  falling 
outside  of  the  telescoping  tube.  The  oil  is  brought  to  the  mixing  machine 
by  a  wheel  with  buckets  which  takes  a  definite  amount  of  oil  from  the 
tank  and  delivers  it  to  the  machine  through  a  channel  opening  into  the 
mixer.  From  the  mixer  the  sand  is  taken  up  by  the  conveyers  /  and  g 
and  delivered  to  the  bin  li  located  above  the  core  benches. 

Mechanics 

The  Gyrostatic  Effect  and  its  Applications  (L'effet  gyrostatique  et 
ses  applications,  W.  Bogaert.  Bulletin  technique  de  V association  des  in- 
genieurs  sortis  de  V  A: cole  Polytechnique  de  Bruxelles,  vol.  10,  Nos.  7,  8,  9, 
pp.  305,  393,  4S9.  May- July  1912.  240  pp.  76  figs.  mtpA).  Owing  to  lack 
of  space  only  the  last  part  of  this  series  of  articles  can  be  abstracted 
here.  The  author  deals  with  systems  in  motion  required  to  follow  a 
certain  path,  but  at  the  same  time  exposed  to  parasitic  motions,  the  elimina- 
tion of  which  constitutes  the  problem  of  stability.  The  gyrostat  possesses 
the  property  of  resisting,  in  proportion  to  the  speed  of  its  rotation,  all 
efforts  tending  to  change  its  direction  of  action  (disorientation),  and  is 
therefore  widely  used  in  stabilizers,  of  which  there  may  be  two  kinds : 
(a)  the  stabilizer  of  a  normally  stable  system  (pendulum,  ship)  which  has 
only  to  keep  the  amplitude  of  oscillations  within  certain  limits,  and   (&) 
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of  a  normally  unstable  system  (bicycle,  airship),  where  it  must  first  estab- 
lish a  stable  equilibrium,  and  then  act  as  an  oscillation  absorber. 

The  stabilizer  must  therefore  consist  of  (a)  an  apparatus  sensitive  to 
changes  of  orientation  ;  (h)  an  element  able  to  produce  or  absorb  mechanical 
energy,  and  (c)  a  system  of  transmission  between  the  two  elements  arranged 
in  such  a  manner  that  the  second  should  instantaneously  develop  the  energy 
required  to  oppose  any  change  of  orientation  indicated  by  the  first. 
A  gyrostat  may  be  applied  for  stabilization  in  either  of  two  ways:  as 
an  apparatus  sensitive  to  changes  of  orientation,  and  directing  the  action 


Fig.  7     Humboldt  Arrangement  for  Automatic  Prep.^ration  of  Core  Sand 


of  a  servo-motor,  or  it  may  also  act  as  an  intermediary  between  the 
source  of  energy  and  the  stabilized  system,  and  itself  carry  the  whole  effort 
of  stabilization.  As  an  apparatus  indicating  changes  of  orientation  it  is 
preferable  to  a  simple  pendulum  or  liquid  level,  since  in  order  that  the 
indications  of  the  latter  be  instantaneous,  they  must  have  a  long  period 
which  would  make  their  deviations  slight  for  small  variations  of  position, 
while  the  gyrostat  is  sensitive  not  only  to  the  change  of  orientation,  but 
to  its  velocity  as  well. 

The  following  rules  must  be  applied  when  a  gyrostat  is  used  In 
stabilizers:  (a)  The  axis  of  the  tore  must  not  be  placed  parallel  to  the 
axis  of  the  oscillations  to  be  reduced  or  prevented.  (&)  It  must  be  given 
an  average  direction  as  far  as  possible  normal  to  the  axis  of  the  unde- 
sirable oscillations,  (c)  If  no  invariable  direction  can  be  given  to  the 
axis  of  the  tore,  its  variations  must  be  limited  in  some  way  to  prevent  its 
deviation  from  normal  to  the  axis  of  undesirable  oscillations  and  thus  from 
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exceetling  :i  certain  definite  limit,  e.g.  4r»  deg. ;  otlierwise  tlie  gyrostat  may 
talve  a  position  parallel  to  tlie  axis  of  oscillations  and  become  insensitive. 

Among  apparatus  of  tlie  lirst  class,  i.e.  with  tlie  gyrostat  only  indicating 
changes  of  orientation,  the  author  describes  in  some  detail  the  Obry  and 
Howell  torpedo  apparatus,  and  the  Regnard  airship  stabilizer.  The 
theory  of  the  stabilizers  of  the  second  class  is  treated  in  detail,  the  author 
establishing  the  following  theorems  for  the  case  when  the  axis  of  the  gyro- 
stat does  not  deviate  much  from  the  average  position  normal  to  the  axis 
of  oscillations  of  the  system.  (Owing  to  lack  of  space,  the  proofs  of 
the  theorems  have  to  be  omitted)  :  (a)  A  gyrostat  taking  part  in  a  pendular 
motion  has  no  effect  on  this  motion  if  the  position  of  its  axis  is  invariable 
with  reference  to  the  system,  (b)  In  the  same  case  a  gyrostat  may 
introduce  a  stabilizing  couple  if  the  position  of  its  axis  is  not  invariable 
with  reference  to  the  system,  i.e.  if  the  gyrostat  is  capable  of  motions  of 
precession ;  from  this  the  author  proves  that  an  initially  unstable  pendulum 
may  be  rendered  stable  by  the  presence  of  a  gyrostat  having  a  kinetic 
moment  greater  than  a  certain  definite  value,  (c)  A  gyrostat  taking  part 
in  a  pendular  motion  produces  a  stabilizing  effect  if  the  gyrostatic  carriage, 
free  as  regards  motions  of  precession,  constitutes  itself  a  compound  pendu- 
lum. But  the  stabilizing  action  of  the  gyrostatic  carriage  acting  as  a 
pendulum  is  effective  only  when  there  is  no  friction. 

As  applications  of  the  gyrostat  as  stabilizer,  the  author  describes  the 
ship  stabilizer  of  Otto  Schlick  (including  a  discussion  of  the  theory  of 
ship  rolling)  and  the  monorail  railway.  The  most  valuable  part  of  the 
article  is  the  mathematical  treatment  of  the  theory  of  the  gyrostat  and 
its  applications. 

A  list  of  books  and  articles  on  the  gyrostat  is  appended  to  the  article. 

Torsional  Oscillations  of  a  Rod  with  fixed  Axis  of  Rotation  and 
ANY  Distribution  of  Mass  Symmetrical  to  the  Axis  of  Rotation,  under 
the  Action  of  any  Harmonic  Forces  {Verdrchungs  schwingungen  eines 
fitubes  mit  fester  Drehachsc  und  ieliebiger  zur  Drchachse  sytmnetrischer 
Massenverteilung  untcr  dem  Einfluss  beliebiger  hamionischer  Krdfte,  Pro- 
fessor Giinibel.  Zeits.  des  Vercines  deutseher  Ingenieure,  vol.  56,  nos.  26 
and  27,  pp.  1025  and  10S5,  10  pp.,  13  figs.,  tA).  An  interesting  investiga- 
tion jiassiiig  in  parts  from  the  domain  of  mechanics  to  that  of  physics.  The 
author  shuws  that  every  elastic  system  rota  table  about  a  definite  axis 
and  subject  to  the  action  of  harmonic  couples  may  be  replaced,  on  condi- 
tion of  neglecting  oscillations  due  to  bending,  by  an  elastic  rod  of  zero  mass 
and  definite  length  with  singular  masses  placed  at  certain  distances  from 
the  axis  of  rotation.  He  investigates  the  motion  of  such  a  system  under 
the  action  of  periodic  forces,  and  establishes  a  method  for  determining 
the  variation  in  oscillations  for  each  point  at  any  frequency  whatever. 
Three  cases  are  fully  investigated,  and  the  connection  between  the  spectrum 
and  structure  of  matter  discussed.  The  motion  of  an  elastic  system  under 
the  action  of  damping  forces  is  investigated,  and  the  application  of  the 
above  theoretical  considerations  to  technical  problems  discussed,  particu- 
larly methods  for  preventing  torsional  oscillations.  Such  oscillations  in  the 
case  of  elastic  systems  of  masses  may  be  best  prevented  by  avoiding  the 
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use  of  periodically  varying  torques.  If  this  cannot  be  done,  the  influence 
of  periodically  varying  torques  decreases  as  the  difference  between 
the  free  period  of  vibrations  of  the  elastic  system  of  masses  and  the 
frequency  of  the  torques  increases.  In  the  case  of  technical  applications 
of  torsional  oscillations,  e.g.  in  ships,  motor  shafts,  etc.,  the  rule  should 
be  adhered  to :  to  keep  the  frequency  of  the  driving  force  at  least  15  to 
25  per  cent  below  that  of  the  free  vibrations,  when  the  latter  are  of  the 
first  order  (with  a  point  of  inflection  on  the  oscillation  curve).  If  the 
oscillations  are  of  higher  orders,  the  oscillation  curves  for  different  fre- 
quencies have  to  be  determined,  and  the  frequency  of  the  driving  force  to 
be  selected  in  such  a  manner  as  to  keep  the  variation  in  oscillations  within 
permissible  limits.  If  the  problem  is  not  to  eliminate  oscillations  entirely, 
but  only  to  keep  free  from  them  a  certain  part  of  a  system,  the  curve 
of  oscillations  may  be  so  modified  by  the  addition  of  suitably  placed  masses 
or  introduction  of  supplementary  forces  as  to  make  the  variation  in  oscilla- 
tions for  a  certain  point  equal  zero.  To  do  this,  each  case  must  be 
investigated  separately.  The  location  of  the  point  of  application  of  the 
driving  force  is  of  considerable  importance.  If  the  force  is  applied  at 
a  point  on  the  rod  or  shaft  whex'e  the  amplitude  of  torsional  oscillations 
is  zero,  such  a  force  can  transmit  no  work  to  the  rod,  and  (since  a  certain 
amount  of  work  is  necessary  to  overcome  internal  or  external  damping 
forces),  will  neither  cause  new  oscillations,  nor  increase  those  already 
present.  On  the  other  hand,  the  driving  force  is  all  the  more  liable  to 
produce  oscillations,  the  greater  the  amplitude  of  vibrations  at  the  point 
of  application  of  the  force. 

Pumps 

Contributions  to  the  Theory  of  Plunger  Pumps  {Beitrdge  zur  Theorie  der 
Kolbenpumpen,  Karl  Mayer.  Die  Fordertechnik,  vol.  5,  no.  7,  p.  148,  July  1912 
4^  pp.,  1  fig.  tA.).  In  double-acting  twin  pumps  with  equal  working  piston 
areas  the  coefficient  of  cyclic  variation,  the  maximum  velocity  of  the  water 
column  under  suction  or  pressure,  and  the  acceleration  resistance  may  be  re- 
duced by  keying  on  the  cranks  to  an  angle  of  coupling  less  than  90  deg.  Another 
way  in  which  this  can  be  done  in  a  double  acting  pump  is  to  reduce  in  one  pump 
the  area  of  the  piston  on  the  side  away  from  the  crosshead,  and  to  increase  in 
equal  proportion  the  piston  area  of  the  side  of  the  connecting  rod  in  the  other 
pump  so  as  to  have  the  working  piston  area  on  the  connecting  rod  side  of  one 
pump  equal  to  that  on  the  other  side  of  the  other  pump,  and  vice  versa.  The 
author  proceeds  to  show  that  the  coeflScient  of  cyclic  variation,  the  maximum 
velocity  of  the  water  column  under  suction  or  pressure,  and  the  acceleration 
resistance  may  be  still  more  reduced  by  a  combined  application  of  the  two 
methods  above  described.  This  may  be  used  also  in  the  case  of  twin  differential 
pumps  as  well  as  for  pumps  with  single-acting  plunger  pistons,  provided  in  the 
latter  case  each  pair  of  pistons  is  connected  in  the  middle  by  a  crosshead.  He 
also  shows  that  in  the  case  of  double-acting  twin  pumps  with  equal  working 
piston  areas  the  same  may  be  done  still  more  effectively  by  a  suitable  choice  of 
the  angle  of  coupling  which  may  be  both  larger  and  smaller  than  90  deg. 

Fig.  8  gives  the  time-velocity  diagram  for  an  angle  of  coupling  greater  than 
90  deg.     The  phases  2  and  4  are  congruous  throughout,  while  phases  1  and  3 
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are  only  related  in  a  certain  close  way  to  the  crank  guide  motion;  in  case  of  a 
rotating  crank  gear  the  compensation  for  error  members  of  the  second  degree 
increase  the  maximum  value  of  phase  1,  and  reduce  that  of  phase  2.  These 
compensations  for  error  members  of  the  second  degree  may,  however,  be  neg- 
lected altogether  since  they  are  represented  by  a  simple  sinusoid  of  small  ampli- 
tude and  having  practically  zero  value  in  the  middle  of  the  phase  where  the 
phases  1  and  3  reach  their  maximum.  In  a  book  pubUshed  by  him  under  the 
same  title  as  this  article,  the  author  has  shown  that  the  maximum  value  of  the 
phases  2  and  4  is 

(i^+/cos27r~x)  (l+/ccos25r-a;)  ,  /c/sin^  27r^a;  „, 

max  Cri  =  max  Cr4  = =r=::^ 1 —  =■  [1\ 

ylk^+2kcos2Tr-^x+l  Vfc2+2A;cos27r~a;-fl 

/ 
where  the  ratio  of  the  working  piston  areas  is  expressed  by  A;  =  — — .   Should  the 

F 

maximum  values  of  the  phases  1,  2,  and  4  be  equal  to  each  other,  the  following 

equation  holds  good: 

{F+f  cos  27r-^x)  (1  +k  cos  2^-^x)  +kf  sin'  27r^X  ,  ^r  •  o  roi 
=^ =2/sm  ir~x-HX/sm27r~a;. .  .[2] 

VA;2-[-2A;cos27r~x-|-l 

After  [2]  has  been  divided  by  F  and  the  numerator  of  the  fraction  simplified, 

it  becomes  clear  that  the  later  is  only  a  square  of  the  denominator,  and  equation 

[2]  may  be  put  in  the  simpler  form: 

V  k^  +  l+2k  cos  2Tr'^x  =  2k  sin  x-x  (1 +X  cos  ir~x) [3] 

Should  the  maximum  values  of  phases  1  and  3  be  also  equal,  then 

2Fsin  7r~x-Xi?'sin27r'^x=2/sin  7r~x+X/sin  27r~x [4] 

which  may  easily  be  reduced  to 

cos  7r~x  =  -  — -r loj 

X  14-fc 

If  the  angular  functions  be  eliminated  from  [3]  and  [5],  the  equation 

--H''m'-&  H^^'} ■»' 

is  obtained  containing  only  one  unknown  k,  which  may  be  found  by  some  method 
of  approximation,  e.  g.  the  Newtonian  process  (it  cannot  be  found  directly,  be- 
cause the  equation  is  of  higher  than  foiu"th  degree).    The  value 

A;  =0.75545 
satisfies  the  equation  closely  enough.    When  k  has  been  found,  the  value  of  the 
angle  of  coupling  for  the  minimum  of  the  maximum  velocity  may  be  found  from 
equation  [5].    It  is  x  =  91  deg.  42  minutes. 
The  improvement  of  the  maximum  velocity  in  per  cent  is 

2/1;  I  sin  7r~x+Xsin  27r~Xf 

,-100|  (v2+X,*-±i  ^ '" 

r    1 
and  with  X  =  --=« — the  value  77  =  14.89  per  cent  is  obtained. 
I     5 

The  improvement  (in  per  cent)  when  both  methods  are  applied  together  is  thus 
considerably  greater  than  when  either  the  method  of  selecting  the  best  angle  of 
coupling  (the  improvement  in  this  case  has  been  found  to  be  only  6^  per  cent), 
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or  that  of  the  best  ratio  of  areas  (improvement  10.52  per  cent)  are  applied  sepa- 
rately. 

Coefficient  of  Variation  of  Raising  of  Water.  The  author  proves  mathe- 
matically that  the  coefficient  of  variation  of  the  raising  of  water  can- 
not be  decreased  by  using  the  most  suitable  angle  of  coupling  and  ratio 
of  sections  on  the  basis  of  a  comparison  between  the  six  intervals 
of  variation  in  Fig.  8 :  the  author  speaks  of  six  intervals  of  variation, 
because  he  proves  that  two  intervals  are  nearly  equal  to  zero  respectively. 
He  shows  further  that  it  is  more  advantageous  to  make  the  four  largest 
intervals  of  variation  equal  to  each  other  by  equating  the  maxima  values 


Fig.  8    Time-Velocity  Diagram  kok  Plunger  Pump  with  Angle  op  Coupling  greater  than 

90  Deg. 


in  all  four  phases.     With  ^   —  -    <^1'(^  numerical  value  of  the  improvement 

5' 
in  per  cent,  with  the  values  of  k  and  x  as  above,  is 

0.75545  X  0.G023 


-100  \1  — 


=  15.48. 


[8] 

0.87772x0.61421 

The  improvement  in  per  cent  of  the  coefficient  of  variation  in  the  case  of 
equality  of  maxima  values  in  all  the  four  phases  is  smaller  only  by  a 
fraction  of  a  per  cent  than  in  the  case  of  the  sole  application  of  the 
method  of  the  best  angle  of  coupling  with  equal  working  areas  of  pistons, 
but  the  combined  method  has  the  great  advantage  of  securing  two  minima 
values  at  the  same  time,  viz. :  minimum  of  the  maximum  velocity  of  the 
suction  or  pressure  vi^ater  column  and  minimtun  of  coefficient  of  variation 
of  raising  of  water. 

Minimum  of  Resistance  of  Acceleration.  The  author  uses  in  this  con- 
nection practically  the  same  method  as  in  the  preceding  paragraph.  He 
shows  first  that  the  acceleration  pressure  at  the  beginning  of  the  fourth,  or 

r 
second,  phase  cannot  be  equal,  with  the  crank  mechanism  ratio    x^^^ 

within  practicable  limits,  to  the  pressure  at  the  end  of  the  phase,  since  if 
they  were  equal,  the  following  equation  would  hold : 
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/  (1  —X)  +F  cos  27r  ~  X  —FX  cos  47r  ~  x 

=  F  (l+X)+/cos27r  ~  X  +/Xcos47r  ~  x=0 [9] 

But   this  equatiou  luay   be  easily   transformed  into 

l+ifc  l+/c 

1+X; — -=cos  2ir  ~  X  — X cos  47r  ~x [101 

1— A;  1—k 

and  that  i-auuot  be  true  as  long  as   x    =  —  is  a  rational  fraction,  because 

r 
both  cosI'tt  ^  j;  and  cos^tt  ~  x  are  less  than  unity  and  are  negative,  the  angle 
of  coupling  being  greater  than  90  deg.  The  eight  values  of  the  maximum 
mass  pressure  cannot  therefore  be  equal,  and  not  more  than  six  of  them 
can  be  equal  to  each  other.  The  author,  as  in  the  previous  paragraph,  pro- 
ceeds to  calculate  the  improvement,  in  per  cent,  in  resistance  to  acceleration 
due  to  the  use  of  the  most  favorable  angle  of  coupling  (a?  =  107  deg.  33 
min.),  aud  thus  shows  that  the  decrease  of  the  resistance  to  acceleration 
due  to   the  combined   method   is  not  larger   than   when   either   of  these 

r        1 
methods  is  applied  separately.    With  a  ratio   x    =    -  =  -  ,  the  acceleration 

I       5 

pressure  is  the  same  as  in  a  double-acting  twin  pump  with  working  areas  of 

f^F  1 

pistons  — - —  if  the  crank  mechanism  ratio  is  x  =  tt.    and  the  angle  of 

coupling  of  the  pumps  is  90  deg.  The  application  of  the  combined  method 
does  not  therefore  affect  the  influence  of  the  crank  mechanism  ratio  on 
the  resistance  to  acceleration  any  more  than  the  application  of  either  of 
the  two  methods  separately.  The  acceleration  pressure  is  nearly  the  same 
as  when  one  of  the  two,  the  most  favorable  angle  of  coupling  or  ratio  of 
areas,  is  selected.    The  article  is  to  be  continued. 

EXPEBIMENTS  OF  THE  FlKM  A.  BORSIG  IN  TeGEL  NEAK  BeBLIN  WITH  DUPLEX- 

Spbing  VAiVES  IN  High-Speed  Water  Pumps  {Versuche  der  Firma  A. 
Borsig  in  Tegel  bei  Berlin  mit  Doppelfederventilen  bei  einer  schnellgehenden 
Wasserpumpe,  O.  Klepal.  Die  Fordertechnik,  vol.  5,  no.  8,  169,  August  1912. 
8  pp.,  5  figs.  eA).  The  author's  fundamental  contention  is  that  for  a  steady 
and  free-from-shocks  operation  an  automatic  valve  must  be  loaded  nega- 
tively, i.  e.  in  the  direction  from  the  seat.  The  experiments  were  made 
with  a  differential  pump  having  60/85  mm  (1.96/2.78  in.)  diameter  of  the 
plunger  piston,  200  mm  (6.56  in.)  stroke,  with  the  suction  and  pressure  air 
vessels  arranged  as  shown  in  Fig.  9.  The  pump  was  driven  by  an  electric 
motor  provided  with  a  device  for  varying  the  speed  of  rotation  rapidly. 
Fig.  9  shows  the  construction  of  the  suction  aud  pressure  valves  which  are 
both  of  the  same  design,  viz.  double-seat  valves  with  two  springs,  of  which 
one  presses  the  valve  on  to  its  seat  and  the  other  lifts  it  up  from  the 
seat  (in  the  rest  of  the  article  the  pressure  spring  will  be  denoted  by 
"  -(-spring,"  and  the  raising  spring  by  "  — spring,"  the  data  referring  to  the 
first  being  denoted  by  subscripts  d  and  those  referring  to  the  second  by 
subscripts  s.) 

Owing  to  lack  of  space  only  data  of  the  experiments  which  appeared  to 
be  the  most  characteristic  have  been  reproduced  here.  The  original  num- 
bers of  the  experiments  have  been  retained  to  facilitate  reference  to  the 
original. 
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Fig.  9     High-Speed  Water  Pomp  with    Its  Valves,  akd  Indicator  Diagrams  of  Same 
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In  experiment  1  both  valves  have  negative  loads,  the  pressure  valve 
—7.79  kg,  and  the  suction  valve  —4.95  kg.  The  two  indicator  diagrams 
are  interesting  in  that  they  show  how  the  indicator  mass  affects  the  form 
of  the  diagram,  particularly  that  of  the  suction  and  pressure  valves  at  the 
opening  of  the  valve:  the  oscillations  decrease  with  the  decrease  of  the 
number  of  revolutions. 

Experiment  11 :  Pressure  valve  negative  load  — 7.86  kg.  suction  valve  posi- 
tive +30.8  kg;  a  Maihak  indicator  was  used,  with  the  result  that  the 
oscillations  in  the  suction  and  pressure  lines  are  smaller  than  when 
heavier  indicators  were  used. 

Experiment  13 :  Both  valves  are  negatively  loaded,  — 19.3  kg  pressure 
valve,  and  — 6.93  suction  valve.  This  test  shows  clearer  than  any  other  one 
that  it  is  possible  to  put  a  very  large  negative  load  on  the  valves  without 
materially  affecting  the  efficiency  of  the  pump.  At  low  pressures  the  suc- 
tion line  goes  down,  but  improves  at  higher  pressures,  from  8  kg  on.  These 
diagrams  show  among  other  things  that  for  each  working  pressure  there 
must  be  a  suitable  load  on  the  valves. 

The  highest  speed  was  330  r.p.m.  at  9  atmospheres  pressure.  With  suit- 
ably loaded  valves  the  action  was  extremely  regular,  and  only  a  very  light 
metallic  sound  could  be  heard  when  standing  behind  the  pump,  but  an 
observer  standing  at  the  crank  bearing  could  not  hear  even  that.  Although 
the  pump  worked  with  9  atmospheres  pressure,  it  gave  the  impression  of  a 
machine  working  at  no-load.  The  author  states  that  other  arrangements 
have  been  tried,  but  with  none  was  it  possible  to  reach  a  speed  above  150 
r.p.m.,  and  the  possibility  of  speeding  the  pump  up  to  330  r.p.m.  with  an 
arrangement  as  simple  as  this  is  certainly  worth  noticing.  These  tests 
have  shown:  that  the  pump  refused  to  work  whenever  both  valves  were 
loaded  positively  ;  that  the  load  on  one  valve  affects  the  action  of  the  other, 
and  that  the  theoretical  investigations  which  have  treated  the  suction  and 
pressure  valves  from  the  same  standpoint,  are  incorrect ;  the  speed  of 
rotation  as  well  as  the  working  pressure  affect  materially  the  output  of  the 
pump  and  form  of  the  indicator  diagram. 

Safety  Appliances 

Annual  Report  of  the  Technical  Inspector  of  Section  IV  of  the 
"  Knappschaft-Berufsgenossenschaft  "  for  the  Year  1911  (Jahresbericht 
des  tecJinischen  Aufsichtsbeamten  der  SeMion  IV  der  Knappschafts-Berufs- 
genossenschaft  fiir  das  Jahr  1911.  Braunkohle,  vol.  11,  no.  20,  p.  313, 
August  16.  1912.  3  pp.,  g).  The  report  contains,  among  other  things,  the 
description  of  the  following  noteworthy  safety  appliances ;  (a)  apparatus 
for  preventing  bursting  of  flywheels  on  briquetting  presses :  when  the  fly- 
wheel speed  exceeds  a  certain  predetermined  number  of  revolutions,  a 
weight  is  so  far  projected  by  centrifugal  force  as  to  strike  and  release  a 
lever,  automatically  closing  the  throttle  valve  and  cutting  off  the  steam 
admission;  (b)  under  conveyor  belts,  just  before  the  belt  touches  the  roller 
with  its  hauling  side,  cleaning  brushes  are  set  rotating  in  a  direction  oppo- 
site to  the  motion  of  the  belt.  The  rollers  are  therefore  always  clean, 
there  is  no  further  need  to  clean  them  while  the  machinery  is  in  operation, 
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and  the  numerous  cases  of  the  cleaners  having  their  hands  or  fingers  drawn 
in  between  the  belt  and  roller  are  avoided;  (c)  the  foot  operating  lever 
of  a  compressed  air  hammer  is  protected  by  a  sheet-iron  plate  which  pro- 
tects the  hammer  from  being  set  into  operation  by  a  piece  of  metal  falling 
from  the  anvil  and  striking  it ;  a  case  like  this  occurred  in  the  practice  of 
the  inspector,  and  the  installation  of  such  a  cheap  and  simple  protective 
device  is  recommended  wherever  the  foot  lever  is  used  on  steam  and 
compressed  air  hammers;  (rf)  device  for  protecting  laborers  cleaning  man- 
holes leading  to  drying  ovens  in  briquette  factories  from  being  hurt  by 
feeding  of  the  fuel :  a  two-part  iron  cylinder  is  placed  over  the  oi>ening, 

TABLE  1    DATA  SHEET  OF  ZOELLY  TURBINE  TESTS  AT  DUSSELDORF,  GERMANY 


November  1,   1910 


No.  of  test 

Duration  of  test,  min 

R.p.m '. 

Useful  output  at  terminals,  kw 

Efficiency  of  generator 

Pressure  in  front  of  turbine  valve,  atmos- 
phere absolute 

Temperature  in  front  of  turbine  valve,  deg.  cent, 

deg.  fahr. 

Pressure  in  turbine  exhaust  connecting 
branch,  atmospheres  absolute 

Total  consumption  of  steam  per  hour,  kg. .  .  . 

lb 

Consumption  of  steam  per  useful  kw-hr.,  kg.. 

lb... 

Correction  for  steam  temperature,'  per  cent.. 

Correction  for  vacuum,^  per  cent 

Consumption   of   steam   per   kw-hr.   at   350 

deg.    cent.    (662    deg.    fahr.)    and    0.1 

atmospheres  absolute  at  full  load,  kg..  .  . 

lb...  . 


1 

70 
3000 
277 
73.6 

14.3 

263 

.505 . 4 

0.043 
2764 
6070 
9.91 
21.8 
-12.4 
-1-3.2 


9.11 
20.05 


2 

54 
3000 
541 
84.6 

14.15 

282 

539.6 

0.052 
4346 
9561 
8.03 
17.8 
-9.5 
-h3.2 


7.53 
16.6 


December  29,   1911 


3 

57 
3000 
781 


13.78 

291   5 

556 

0.065 
5825 
12815 
7.46 
16.5 
-8.0 
+3.2 


7.10 
15.6 


1 

61 
3000 
1047 
91.0 

13.71 
304 
579 

0.079 
7199 
15838 
6.87 
15.2 
-6.9 
+3.2 


6.62 
14.6 


2 

120 

3054 

1044 

91 

12.98 
249 
480 

0.083 
7867 
17307 
7.51 
16.6 
-14.4 
+2.5 


6.62 
14.6 


3 

60 
3036 
547 
84.6 

13.1 

237 

458.6 

0.057 

4770 

10495 

8.71 

19.4 

-16.1 

+2.5 


7.5 
16.6 


'  7  deg.  cent.  =  1  per  cent. 

2  1  per  cent  vacuum  =1.5  per  cent  steam  consumption. 

with  a  grate  at  the  bottom  nearly  flush  with  the  floor ;  the  laborer  stands 
on  the  grate,  and  is  protected  from  falling  coal  by  the  cylinder. 

Steam  Engineering 

Results  of  Tests  of  Zoelly  Turbines  {Versuchseroehnisse  an  Zoelly- 
Turbinen,  L.  Grabau.  Zcits.  fiir  ilas  gcsamte  Turbinenwcsen,  vol.  9.  no.  23, 
p.  363,  August  20,  1912.  1  p..  2  figs.  e).  At  the  plant  of  the  Diisseldorf 
Tube  Company,  Diisseldorf,  Germany,  two  Zoelly  turMncs  were  installed 
in  August  1910  by  Escher  Wyss  &  Co.,  of  Zurich,  with  a  capacity  of  150(J 
h.p.  each,  designed  for  a  pressure  of  12  atmospheres,  superheat  350  deg. 
cerft.  (662  deg.  fahr.),  and  90  per  cent  vacuum  at  full  load;  each  turbine 
has   surface   condensation   with    rotary   air   and   circulation    pumps,    and 
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repeated  cooling  of  cooliug  water.     Each  turbine  drives  a  550-volt  alternat- 
ing-current generator,  with  exciter. 

Two  series  of  tests  were  made:  the  first  about  3  months  after  the  two 
units  went  into  operation  and  the  second  13  months  later.  During  that 
time  the  turbines  worked  about  4,000  hours,  and  delivered  1,450,000 
kw-hrs.  The  purpose  of  the  second  series  of  tests  was  to  find  out  whether 
or  not  there  was  any  change  in  steam  consumption  during  the  above 
period :  no  such  change  has  been  found.  Test  data  will  be  found  in  Table 
I.  The  consumption  of  steam  of  6.87  kg.  (15.2  lb.)  per  kw-hr.  was  at 
92.1  per  cent  vacuum  and  304  deg.  cent.  (579  deg.  fahr.).  Reduced  to  350 
deg.  cent.  (062  deg.  fahr.)  superheat,  and  96  per  cent  vacuum,  it  would  give 
a  consumption  of  6.01  kg.    (13.2  lb.)   per  kw-hr.  at  full  load  of  1050  kw. 

Modern  Setting  of  Steam  Boilers  (Moderne  Dampfkesseleinmauerung, 
Pradel.  Zcits.  fiir  Dampfkessel  unci  Maschinen'betrieb,  vol.  35,  no.  35, 
p.  365,  August  30,  1912.  3  pp.,  7  figs.  dg).  A  general  description  in  a 
somewhat  popular  style  of  modern  setting  of  steam  boilers. 

Plant  for  Coaling  Boilers  at  the  Mine  Zollern  II  of  the  Gelsen- 
KiRCH  Mining  Company  {Die  Kesselbekolilanlage  der  Zeche  Zollern  II  der 
Gelsenkirchener  Bergiverks-A.-G.,  A  Pietrkowski,  Zeits.  des  Vereines  deut- 
scher  Ingenieure,  vol.  56,  no.  29,  p.  1164.  July  20,  1912.  4  pp.,  12  figs. 
d).  Description  of  the  electric  telpher  line  used  at  the  above  plant  for 
conveying  coal  from  the  washers  to  the  boiler  plant.  The  plant  is  an  elec- 
tric generating  station  capable  of  producing  12,500  kw.  located  at  the 
coal  mine  of  the  company  and  supplying  light  and  power  to  the  surrounding 
communities  and  the  city  of  Dortmvnid.  About  100  tons  of  coal  have  to 
be  delivered  to  the  boilers  daily.  This  is  done  mechanically  by  means 
of  the  described  installation  with  an  endless  track  lying  at  the  elevation 
of  the  coal  bunkers.  The  telpher  cars  are  loaded  either  with  nut  coal 
from  the  washers  or  with  rough  coal ;  for  the  latter  purpose  they  are 
lowered  by  special  elevators  to  the  loading  openings  located  6  m  (19.08  ft) 
below  the  level  of  the  rails.  The  plant  is  designed  to  handle  35  tons  per 
hour,  and  requires  the  attendance  of  only  one  man. 

Resistance  to  Flow  in  the  Distributing  Valves  of  a  Reciprocating 
Steam  Engine  {Strdmimgswidestdnde  in  den  Steuerungventilen  einer  Kol- 
hcndampfmascliine,  E.  Heiurich,  Zcits.  des  Vereines  deiitscher  Ingenieure, 
vol.  56.  no.  30,  p.  1191,  July  27,  1912.  8  pp.,  15  figs.  e).  Description  of, 
and  data  from,  experiments  having  for  their  purpose  the  determination, 
by  means  of  indicator  diagrams,  of  the  coefficient  of  flow  in  the  admission 
and  exhaust  valves  of  a  single-cylinder  condensing  engine  made  at  the 
engineering  laboratory  of  tae  Royal  Technical  High  School  at  Stuttgart. 
Germany.  Only  the  final  conclusions  of  this  investigation  can  be  given 
here.  The  coefficient  of  flow  (or  the  ratio  between  the  amount  of  steam 
actually  flowing  through  a  valve  at  any  time  during  the  process  of  flow 
to  the  instantaneous  value  of  flow,  or  the  amount  of  steam  that  would 
flow  thi-ough  the  valve  if  its  entire  cross-section  were  utilized  and  if  there 
were  no  resistances)  increases  with  drop  of  pressure.  The  coeflBcient  of 
flow  considered  as  the  ratio  between  the  values  stated  above,  but  taken 
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from  the  begiuniiig  of  tlie  process  of  flow  to  the  moment  of  observation 
(integrated  value)  may  be  taken  for  the  admission  valve  to  be  approxi- 
mately constant  and  equal  to  0.55  for  the  admission  curve  beyond  the  dead 
point;  for  the  exhaust  valve  it  varies  from  0.8  at  the  beginning  to  0.62 
at  the  end  of  the  exhaust  curve. 

Strength  of  Materials  and  Materials  of  Construction 

Investigation  of  the  German  Society  of  Bridge  and  Iron  Structure 
Builders  of  Iron  Constructions  used  in  Bridge  Building  {Untersuchung- 
en  des  Vereines  deutsclier  Briicken — und  Eisenbaufabrikcn  mit  Eisen- 
konstruktionen  fiir  den  Briickenhau,  B.  Stocli,  Zeits.  des  Vereines  deutscher 
Ingenieure,  vol.  56,  no.  28,  p.  1101,  July  13,  1912.  9  pp.,  31  figs.  eA).    The 
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Fig.  10     Year-Rings  on  a  Lead   Pipe 


German  Society  of  Bridge  and  Iron  Structure  Builders  has  been  for  many 
years  carrying  on  a  carefully  planned  series  of  investigations  on  iron 
structures  used  in  bridge  building  through  a  special  board  formed  of  repre- 
sentatives of  the  Society,  and  the  German  ministries  of  Public  Works,  Edu- 
cation and  Navy.  The  present  article  gives  the  main  data  of  the  third 
series  of  tests  made  under  the  direction  of  the  board  at  the  Royal  Testing 
Laboratory  at  Gross-Lichterfelde  West,  viz.:  (a)  tension  tests  of  riveted 
joints  for  the  determination  of  the  influence  of  the  process  of  riveting 
(hand  riveting,  air  riveting,  toggle  joint  riveting  veith  compressed  air) 
on  sliding  resistance  and  breaking  strength  of  the  riveted  joint;  (&)  tests 
on  the  sliding  resistmwe  in  connecting  plates  with  various  forms  of  rivet- 
ing; (c)  tests  on  the  influence  of  reduction  of  area  on  the  tensile  strength 
of  flat  iron  and  angles;  (d)  tests  on  bending  of  angle  webs.  All  the  rivets 
under  tests  were  made  without  countersinking  because  it  was  found  from 
previous  experiments  (1909)  that  countersinking  in  no  way  improves  the 
qualities  of  the  joint. 

Year  Rings  on  a  Lead  Pipe  {Jahresringe  an  eineni  Bleirohr,  Kohlmeyer. 
Chemiker-Zeitung,  vol.  36,  no.  105,  p.  993,  August  31,- 1912.  1  p.,  1  flg.  d). 
In  making  improvements  in  the  water  piping  in  the  park  of  the  Technical 
High  School  at  Chaiiottenburg  there  was  uncovered  a  lead  pipe  which  had 
lain  in  the  ground  for  24  years  at  a  depth  of  about  1  m  (say  3.3  ft).  Part 
of  the  pipe  lay  In  the  earth  unprotected,  while  one  of  the  ends  was  im- 
bedded in  a  cement  foimdation.  The  part  which  lay  in  the  earth  was 
found  to  be  in  a  practically  perfect  state  of  preservation,  but  the  part 
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imbedded  iu  cemeut  underwent  a  rather  peculiar  trausfoniuition.  As 
shown  in  Fig.  lOB,  the  part  of  the  pipe  in  the  cement  was  slightly  bent, 
and  the  contact  with  the  cement  was  not  uniform.  It  was  found  that 
just  where  the  pipe  entered  into  the  cement,  the  lead  was  trausforme<l 
into  a  compact,  stonelike,  yellow-red  mass,  and  when  this  was  knocked 
off  near  a  part  of  the  pipe  where  the  lead  was  not  affected,  the  latter  had 
a  scarred  surface  with  sih^er  white  lustre,  unusual  for  lead,  which  rapidly 
changed  to  a  dull  gray  in  air.     The  pipe  was  sawed  through  at  b^Oi  and 


Fig.  11     LuBECK  Diving  Apparatus 


the  section  polished  (Fig.  lOA).  The  pipe  was  18  mm  (0.7  in.)  in  diameter, 
with  the  walls  5  mm  (0.196  in.)  thick ;  at  &i  the  yellow-red  mass  was  4  mm 
(0.15  in.)  thick,  but  its  thickness  decreased  gradually  toward  a^.  The  most 
remarkable  fact,  however,  was  that  on  closer  investigation  it  was  found  that 
the  transformed  mass  consisted  of  concentric  alternating  yellow  and  red  lay- 
ers, 24  red  and  23  yellow,  or  practically  one  pair  for  each  year  the  pipe  lay 
in  the  cement:  the  layers  of  one  color  were  evidently  formed  during  the 
wet,  and  those  of  the  other  color  during  the  dry  part  of  the  year.  An  analy- 
sis proved  that  the  colored  substance  was  lead  oxide,  the  yellow  part  being 
PbO,  and  the  red  P&3O,.  The  fact  that  only  the  part  lying  in  cement  was 
so  affected,  appears  to  show  that  this  peculiar  oxidation  of  lead  was  due 
to  the  action  of  either  the  cement  or  cement  water.    The  author  imdertook 
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a  series  of  tests  in  this  counectiou,  of  which  he  promises  to  publish  tlie 
results  in  a  few  years. 

Miscellanea 

Something  about  Diving  (Etwas  von  der  Taucherei.  Prometheus,  vol. 
23,  no.  I1S8  and  1189,  p.  689  and  713,  August  3  and  10,  1912.  8  pp.,  12  figs. 
hd).  Description  of  various  tj'pes  of  diving  apparatus,  from  the  Smeaton 
diving  bell  to  that  used  at  the  present  time.  An  interesting  type  is  the 
Lubeck  diving  apparatus  without  outside  air  supply.  The  diver  is  provided 
with  a  cylinder  filled  with  compressed  oxygen  besides  the  usual  compressed 
air  cylinder.  When  the  apparatus  is  in  operation,  the  oxygen  flows  through 
a  pressure-reducing  valve  into  a  nozzle,  sucks  the  used  air  through  a  hose 
(Fig.  11  at  the  left),  and  forces  it  through  a  vessel  filled  with  anhydrous 
potash  which  absorbs  almost  entirely  the  moisture  and  carbon  dioxide  con- 
tained in  the  air ;  it  returns  the  air  through  the  hose  at  the  right  into  the 
diver's  helm  supplied  with  oxygen  and  fit  for  breathing.  The  air  supply 
of  the  apparatus  is  in  continual  circulation,  and  the  oxygen  used  up  is  re- 
placed by  new.  The  diver  receives  2  liters  (0.76  cu.  ft.)  of  oxygen  per  min- 
ute, and  60  liters  (22.8  cu.  ft.)  of  air.  The  oxygen  and  potash  tanks  are 
so  proportioned  that  the  diver  is  provided  for  two  hours'  stay  under  water ; 
a  lever  at  the  belt  allows  him  to  regulate  the  consumption  of  air  and  oxygen. 
The  inside  pressure  is  regulated  by  an  automatic  valve  placed  in  front  at 
the  shoulder  which  lets  out  the  air  whenever  the  inside  pressure  exceeds  the 
water  pressure  by  a  certain  small  amount.  The  diver  can  decrease  the  inside 
pressure  or  blow  out  his  suit  by  the  air  from  the  compressed  air  tank  as  he 
wishes,  a  considerable  convenience  in  work  at  varying  depths.  The  absence 
of  an  air  hose  is  said  to  make  this  apparatus  especially  convenient  for  deep 
working. 

The  second  part  of  tlie  article  is  of  a  historical  character,  and  contains 
descriptions  of  diving  bells  of  the  older  types. 

Industrial  Mechanical  Treatment  of  Stone  (Le  travail  m6canique  de 
la  pierre  dans  Vindtistrie,  J.  Escard.  Revue  de  ni^canique,  vol.  31,  no.  1, 
p.  5,  July  31,  1912.  29  pp.,  44  figs.  d).  First  of  a  series  of  articles  on 
machinery  used  in  the  working  of  stone.  The  present  article  describes  in 
detail  various  saivs  for  cutting  stone:  reciprocating  and  band  saws,  metal 
and  diamond,  with  fixed  and  movable  teeth. 

Some  Special  Tests  of  Automobile  Carriages  (Qnelques  essais  sp6ciaux 
sur  les  voitures  automohiles,  Boyer-Guillon.  Revue  de  m^canique,  vol.  31, 
no.  1,  p.  30,  July  31,  1912.  25  pp..  15  figs.  eA).  Description  of  a  very 
simple  and  convenient  apparatus  used  for  testing  automobiles  by  the  testing 
laboratory  of  the  Conservatoire  National  des  Arts  et  Metiers,  and  of  tests 
on  automobile  suspensions  and  shock-absorbers. 

Supplementary  References 

Miller  for  Torpedo  Propeller  Blades  (Foreign  Revieiv,  September  1912, 
p.  1390).  Detailed  description  in  American  Machinist,  vol.  37,  no.  11,  p. 
457,  September  12,  1912. 

The  Gyrostatic  Effect  and  its  Applications  (p.  1571).  Cp.  Herbert 
Chatley,  Practical  Oyrostatic  Balancing,  London,  1912,  particularly  p.  16  ff. 
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ARTICLES  IN  PERIODICALS  i 

Abwarmeverwertung  bei  Verbrennungskraftmaschinen,  K.  Kutzbach. 
Stahl  und  Eisen,  July  11,  1912.    2  f  pp.,  4  figs.,  2  curves,    dp. 

Utilization  of  waste  heat  from  internal-combustion  engines. 

Eltria  Oil  Engine.    Power,  August  27,  1912.    If  pp.,  3  figs.    d. 

Describes  a  two-stroke  cycle  oil  engine  of  the  Diesel  type. 

Engine,  400-B.H.P.  Two-Cycle  Gas.  Engineering,  August  30,  1912.  2  pp., 
6  figs.     d. 

Describes  a  single-cylinder  engine  without  any  side  shafts  or  eccentric  gearing. 

Exhaust  Gas  Turbine,  An.  The  Engineer  (London),  August  23,  1912.  2  pp., 
4  figs.,  1  table.     depA. 

Gas  turbine  connected  to  exhaust  of  petrol  motor;  theory  and  design  of  turbine  by  Mr.  Mon- 
tague Churchill-Shann,  London. 

European  Gas  Engine  Plants,  Some  Recent,  A.  G.  Lescarboura.  Power, 
August  27,  1912.     1|  pp.,  3  figs.    d. 

Internal-Combustion  Engines,  American  Practice  in  Rating,  Parts  1,  2, 
3,  4.  T.  C.  Ulbricht  and  C.  E.  Torrance,  Jr.  Power,  July  23,  30,  August  6 
and  13,  1912.    85  pp.,  9  tables,  36  curves,    em. 

This  series  of  articles  is  the  result  of  a  thesis  investigation  made  under  the  direction  of  Profs. 
C.  F.  Hirshfield  and  H.  Diederiches  of  Cornell  University. 

Junkers  Oil  Engine,  The,  J.  B.  Baker.  The  Iron  Age,  August  1,  1912.  2  pp., 
8  figs.,  1  curve. 

Valveless  engine  with  two  pistons  per  cylinder  for  utilizing  cheapest  grades  of  fuel. 

Marine  Oil  Engine,  10-H.P.  "Monobloc."  Engineering,  August  16,  1912. 
2  pp.,  3  figs.    d. 


^  Opinions  expressed  are  those  of  the  reviewer,  not  of  the  Society.  Articles 
are  classified  as  c  comparative;  d  descriptive;  e  experimental;  h  historical; 
TO  mathematical;  p  practical.  A  rating  is  occasionally  given  by  the  reviewer, 
a,s  A,  B,  C.    The  first  installment  was  given  in  The  Journal  for  May  1910. 
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MoTEURs  A  COMBUSTION,  Etude  Theorique  du  Rendement  Thermiqtje  des, 
T.  Mancy.     Revue  de  mecaniqxie,  June  20,  1912.    3  pp.,  5  curves. 

Theoretical  study  of  thermal  operation  in  internal-combustion  engines. 

Motor  Ship  Monte  Penedo,  The.     The  Engineer  (London),  August  30,  1912. 
1  p.,  2  figs.,  1  table.    dpB. 

The  ship,  which  is  350  ft.  long  by  50  ft.  beam,  is  equipped  with  two  Sulzer  two-cycle  Diesel 
engines;  1700  combined  h.p.  at  160  r.p.m.;  0.46  lb.  Texas  oil  consumption  per  b.h.p. 


NECROLOGY 


E.    HARRISON    SYMINGTON 


E.  Harrison  Symington  was  born  in  Baltimore,  Md.,  March  1, 
1879,  and  Avas  educated  in  the  public  schools  there  and  in  the  tech- 
nical training  school  at  Bethlehem,  Pa.  He  entered  Lehigh  Uni- 
\ersity  in  the  class  of  1898  and  was  graduated  with  the  degree 
of  M.E.  His  first  experience  was  in  the  shop  of  the  Lehigh  Val- 
ley Eailroad,  with  which  company  he  remained  till  he  was  made 
engineer  of  tests,  serving  in  that  capacity  for  one  year.  In  1897 
he  entered  the  employ  of  Kilborne  &  Jacob  Manufacturing  Com- 
pany of  Columbus,  Ohio,  where  he  was  in  charge  of  the  engineer- 
ing and  shop  practice.  He  resigned  this  position  to  become  man- 
ager of  western  sales  of  the  T.  H.  Symington  Company,  and  sub- 
sequently of  their  foreign  business.  When  the  concern  opened  its 
new  malleable  foundry  in  Rochester,  N.  Y.,  1909,  he  was  made 
works  sales  manager.  His  last  years  were  spent  as  mechanical 
expert  for  the  company,  especially  devising  improved  methods 
for  draft  gear  designs  for  freight  equipment. 

Mr.  Symington  died  in  Baltimore,  September  5,  1912. 

FREDERICK   J.    MAYER 

Frederick  J.  Mayer  was  born  in  Bremerhaven,  Germany,  July 
4,  1853.  He  received  his  technical  education  at  the  University  of 
Stuttgart,  and  came  to  this  country  in  1870,  after  having  seen 
active  service  in  the  Franco-Prussian  War.  He  engaged  Avith  the 
Bartlett  Hayward  Company  of  Baltimore,  Md.,  as  draftsman, 
and  while  with  them,  as  chief  engineer,  he  designed,  erected  and 
operated  many  of  the  large  gas  plants  constructed  by  the  com- 
pany. Among  them  may  be  mentioned  the  Consumers'  Gas  Fuel 
and  Light  Company  of  Chicago,  in  1883,  and  the  Nassau  Gas 
Company's  water  gas  plant,  Brooklyn,  in  1891.  In  1906  Mr. 
Mayer  severed  his  connection  with  the  Bartlett  Hayward  Com- 
pany and  organized  and  established  the  Didier-March  Company 
in  the  United  States,  taking  the  position  of  general  manager. 
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Having  made  a  life  study  of  the  carbonization  of  coal  for 
metallurgical  and  domestic  use,  to  him  must  be  credited  the  estab- 
lishing of  some  of  the  best  foreign  apparatus  for  such  purposes 
in  the  United  States  by  both  the  intermittent  and  continuous  sys- 
tem in  vertical  retorts  for  gas-house  practice.  He  nut  only  se- 
cured these  rights  for  the  United  States,  but  promoted  the  com- 
panies, erected  the  phmts  and  put  them  into  successful  operation. 
Mr.  Mayer  had  invented  many  improvements  for  the  manufac- 
ture of  illuminating  gas,  patents  of  which  were  secured  in  the 
United  States,  (iermany,  France,  and  England. 

At  the  time  of  his  death,  September  4,  1912,  he  was  still  an 
ardent  and  tireless  worker,  well  known  in  this  country  and 
abroad.  He  was  a  member  of  the  American  Gas  Institute,  the 
Illuminating  Engineering  Society,  Chemists  Club,  American 
Peat  Society  and  many  other  technical  organizations. 


EMPLOYMENT  BULLETIN 

The  Society  considers  it  a  special  obligation  and  pleasant  duty  to  be  the  medium  of  securing 
better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention  and  is  pleased  to 
receive  requests  both  for  positions  and  for  men.  Notices  are  not  repeated  except  upon  special 
request.  Names  and  records,  however,  are  kept  on  current  office  list  three  months,  and  if  desired 
must  be  renewed  at  the  end  of  such  period.  Copy  for  the  Bulletin  must  be  in  hand  before  the 
12th  of  the  month.  The  list  of  "men  available"  is  made  up  from  members  of  the  Society,  with 
names  of  other  good  men  not  members,  and  are  on  file  in  the  Society  office.  Information  will  be 
sent  upon  application. 

POSITIONS   AVAILABLE 

0194  Note:  Published  in  the  September  Journal,  address  should  read,  Estate 
of  M.  Shaik  Adam  Ipoh,  Straits  Settlements,  or  send  care  of  A.S.M.E. 

0195  Efficiency  engineer  for  concern  in  Middle  West  manufacturing  agricul- 
tural instruments.  Apply  through  the  Society  giving  age,  experience  and  salary 
expected. 

0196  Shop  superintendent,  to  take  charge  of  finishing  department  of  Penn- 
sylvania concern  manufacturing  bearing  bronze;  will  be  expected  to  take  charge 
of  the  power  plant  and  all  machinery  in  the  works.  Want  live,  progressive  man 
who  can  seciu'e  the  maximum  output  and  work  with  management  in  the  endeavor 
to  manufacture  quickly  and  cheaply. 

0197  Two  sales  engineers  on  general  Une  of  machinery  for  New  England 
territory.     New  York  concern. 

0198  Superintendent  for  manufacturing  company.  Location  Michigan. 
Metal  working  plant,  principally  in  brass  and  copper,  employing  about  1000  men. 
Prefer  experienced  and  technically  educated  man;  will  consider  one  from  any 
Une  of  manufacturing  or  railroad  work  who  can  show  record  for  efficient  handling 
of  labor  and  economy  in  operation. 

0199  Professor  of  mechanical  engineering  for  Imperial  Pei-Yang  University, 
Tientsin,  China;  one  with  several  years'  experience  in  teaching  and  practical 
work,  from  28  to  30  years  of  age  or  older.  Apply  through  the  Society  not  later 
than  October  15. 

0200  A  large  manufacturing  and  engineering  company  in  New  York  requires 
a  young  engineer  in  the  proposition  and  estimating  department,  where  the  op- 
portunities for  advancement  are  exceptionally  good.  A  technical  graduate  of 
1911  or  1912  preferred. 

0201  Ohio  concern  want  an  engineer,  preferably  college  graduate,  with  several 
years'  experience  in  power  plant  work,  particularly  in  the  following  up  of  econ- 
omies in  operation  of  boilers,  and  if  possible  experience  with  miscellaneous  uses 
of  steam  in  manufacttiring  processes. 
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0202  Young  engineering  graduate  for  Ohio  concern.  Position  would  be  with 
view  to  acquiring  experience  and  working  up  to  more  important  work  in  engineer- 
ing department. 

0203  Engineering  salesman  with  selhng  record  as  well  as  compressed  air  and 
hydraulic  experience.    Location,  New  York.    Apply  through  the  Society. 

0204  Assistant  to  chief  engineer  in  boiler  shop  department  of  Pennsylvania 
concern.  Young  technical  graduate  preferred,  who  after  a  few  months'  experience 
would  be  competent  to  get  out  bills  of  material  for  riveted  and  welded  work  and 
able  to  check  drawings  for  same. 

0205  Draftsman  on  ammonia  and  brine  piping,  thoroughly  experienced,  re- 
quired by  large  ice-machine  company.  State  experience,  age  and  salary  expected. 
Apply  through  the  Society. 

0206  Wanted:  a  mechanical  engineer  with  experience  in  the  design  of  steam 
and  electrical  machinery;  one  somewhat  famihar  with  power  plant  machinery, 
who  is  competent  to  fill  the  position  of  chief  engineer  in  large  manufacturing 
concern.    Location  eastern  Pennsylvania.    Apply  through  the  Society. 

0207  Mechanical  draftsman  experienced  in  general  valve  construction,  or 
one  acquainted  with  the  detail  make-up  of  sanitary  plumbing  fixtures.  A  per- 
manent position  and  good  salary  to  the  right  party.  State  salary  and  experience. 
Apply  through  the  Society.     Location  New  York. 

0208  General  superintendent  of  company  in  Middle  West,  manufacturing 
large  engines  and  special  machinery,  employing  300  men.  Experience  required 
in  drafting,  machine  shop  and  foundry.     Apply  through  the  Society. 

0209  Draftsman  for  position  in  Morenci,  Arizona.  Salary  $125  a  month 
with  opportunity  for  advancement.  One  with  experience  in  c  Acentrator  work 
preferred . 

MEN    AVAILABLE 

497  Associate,  aged  35,  desires  position  of  some  responsibility  in  Philadelphia 
or  suburbs.  Sixteen  years'  experience  in  civil,  structural  and  mechanical  Unes, 
mainly  the  last,  as  di-aftsman,  squad  foreman,  chief  draftsman  and  checker  at 
rolling,  steel  and  pipe  mills,  by-product  coke  ovens  and  on  chemical  apparatus, 
steel  cars  and  locomotives. 

498  Mechanical  and  electrical  engineer,  Cornell  graduate,  12  years'  ex- 
perience in  design,  construction  and  operation  of  steam,  hydraulic  and  gas  plants 
for  pubUc  service  and  industrial  companies,  building  construction,  factory  su- 
perintendence and  appraisals  of  public  service  companies,  desires  permanent 
position  with  manufacturing  compaiiy,  consulting  engineers  or  operating  com- 
pany in  or  near  New  York  City. 

499  Member,  now  general  superintendent  of  machine  tool  building  shop,  also 
experienced  in  manufacturing  electric  machinery,  engines,  and  automobiles,  de- 
sires change.  Up-to-date  in  shop  management  and  methods,  machinery  and 
tools.    Age  37,  married,  technical  education.    Salary  $3000. 

500  Mechanical  engineer,  superintendent,  chief  draftsman  or  production 
manager,  with  practical  shop,  technical  and  commercial  experience,  expert  in 
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the  up-to-date  manufacture  of  interchangeable  parts,  resourceful  in  design  and 
process  for  reducing  costs  and  increasing  production,  good  organizer  and  system 
man  with  excellent  executive  ability,  A-1  references,  desires  permanent  position. 

501  Junior,  technical  graduate,  aged  28,  four  years'  practical  experience  in 
engineering  lines,  desires  a  position  as  superintendent,  or  assistant  superintendent 
with  manufacturing  concern. 

502  Technical  graduate,  24  years  of  age,  at  present  employed  as  assistant  to 
superintendent  in  large  water  gas  plant,  desires  to  make  a  change  to  concern 
having  an  opening  along  mechanical  or  sales  engineering  lines.  Opportunity  and 
scope  desired. 

503  Engineer,  married,  12  years'  practical  experience  in  the  manufacture  of 
typewriters,  adding  machines,  automobiles,  etc.,  specialist  in  the  design  of  all 
kinds  of  automatic  machinery  and  development  of  rapid  interchangeable  manu- 
facturing equipment.    Salary  not  less  than  $2400. 

504  Junior,  technical  graduate,  mechanical  engineer,  age  30,  experience  in 
locomotive  shop  on  combined  erecting  and  repair  work  and  in  steel  plant;  three 
years'  experience  in  heavy,  medium  and  Ught  machinery  including  small  tool 
factory,  desires  position  as  assistant  to  a  progressive  superintendent. 

505  Graduate  engineer  desires  position  as  mechanical  superintendent,  master 
mechanic  or  engineer  of  construction  in  power  plant  work, 

506  Mechanical  engineer  desires  position  as  purchasing  agent  or  business 
connection  with  manufacturing  firm.  Age  28,  college  training,  five  years'  ex- 
perience as  shop  foreman,  sales  engineer,  and  contractor.  At  present  with  large 
locomotive  works. 

507  Technical  graduate  in  mechanical  engineering,  25  years  of  age,  3  years' 
experience  in  machine  shop  and  engineering  department  of  large  engine  manu- 
facturing plant.  Desires  to  become  connected  with  a  concern  having  an  opening 
along  mechanical  lines. 

508  Member,  technical  graduate,  desires  position  as  sales  engineer.  Ex- 
perienced as  skilled  mechanic,  chief  draftsman  and  superintendent  of  construc- 
tion of  power  plant  equipment.  Four  years  in  New  York  and  one  in  Chicago  as 
sales  engineer. 

509  Member,  with  technical  education  and  training  and  subsequent  man- 
agerial experience  in  commercial  lines,  is  open  for  association  and  investment, 
if  necessary,  with  one  or  more  engineers  who  may  have  a  broad  basic  patent  or 
device  for  promotion,  development  and  manufacture. 

510  Member,  now  employed,  desires  change.  Several  years'  experience  as 
mechanical  engineer  and  consulting  engineer  for  large  corporations.  Age  54, 
married,  first  class  references.  No  objection  to  location  so  long  as  cUmate  con- 
ditions will  not  impair  health.    Salary  .$3000  to  $4000. 

511  Member,  at  present  employed,  desires  to  improve  position.  Eighteen 
years'  experience  especially  in  internal-combustion  engine  lines.  Qualified  for 
superintendent,  assistant  manager,  designing  engineer,  or  salesman  for  gas  or 
oil  engine  concern. 
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512  Junior,  mechanical  and  electrical  engineer,  technical  graduate,  30  years 
old,  single,  experienced  in  hydro-electric  developments,  including  hydrograph 
work,  design  of  transmission  hnes,  towers,  sub-stations,  etc.,  with  operation  of 
same,  desires  position  as  chief  engineer  or  designing  engineer  with  large  firm  of 
contracting  engineers.  Best  references  as  to  habits  and  abiUty.  At  present 
employed. 

513  Member,  hydraulic  and  electrical  engineer,  M.  I.  T.  graduate,  manu- 
factiu-ing,  consulting  and  operating  experience,  42  years  old;  recently  connected 
with  machinery  for  some  of  the  largest  and  typical  hydraulic  projects. 

514  Electrical  and  mechanical  engineer  open  for  engagement,  Philadelphia 
or  vicinity  preferred.  Unusual  technical  training  and  ability.  Experienced  in 
organization  of  engineering  work,  research,  development  of  new  materials  and 
processes,  design  of  automatic  machinery,  layout  and  installation  of  new  factory 
departments  and  engineering  supervision  of  manufacturing  processes.  Excep- 
tional credentials  as  to  character  and  abiUty.  For  further  information,  address 
P.  O.  Box  No.  4040,  West  Philadelphia,  Pa. 

515  Position  as  superintendent  or  other  executive  position  in  manufacturing 
department;  12  years'  successful  experience  in  charge  of  the  manufacture  of 
harvesting  machines  and  agricultural  implements;  36  years  old,  married.  Best 
references  relative  to  ability  and  character. 

516  Superintendent  or  mechanical  engineer.  Associate  member,  with  16 
years  of  shop  and  office  experience  in  design  and  manufacture  of  special  ma- 
chinery, soil  pipe  and  fittings,  valves,  plumbers  and  steam  fitters  suppUes  with 
proven  ability,  desires  to  connect  with  concern  where  energy,  efficiency,  and 
mechanical  knowledge  is  required  of  all  departments  from  foundry  to  shipping. 
At  present  employed. 

517  Technical  graduate,  age  30,  married,  four  years  as  assistant  engineer  in 
the  manufacture  of  contractors  and  railroad  equipment,  four  years  engineer  on 
power  and  industrial  plants,  railroad  car  shops  and  terminals,  inspecting,  de- 
signing, estimating  costs  and  construction,  selUng.  At  present  employed.  Will 
consider  improved  position  with  engineers,  contractors,  or  manufacturers.  Per- 
sonal interview  in  Philadelphia  or  New  York. 


ACCESSIONS   TO  THE   LIBRARY 

With  Comments  by  the  Librarian 

This  list  includes  only  accessions  to  the  library  of  this  Society.  Lists  of  accessions  to  the 
libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on  request  from  Calvin  W.  Rice,  Secretary, 
Am.  Soc.  M.  E. 

American  Association  of  Demurrage  Officers.  Proc,  23d  Annual  Con- 
vention.    San  Francisco,  1912.     Gift  of  the  association. 

Das  autogene  Schweissen  tjnd  Schneiden  mit  Satjerstoff,  Felix  Kagerer. 
Wien,  1909. 

Beton  und  Eisen.     I.  Erganzungsheft  zum  Jahrgang  1912.     Berlin,  1912. 

Die  Dampfturbine  als  Schiffsmotor,  Karl  Besig.     Berlin,  1911. 

Elements  of  Drawing,  George  F.  Blessing  and  Lewis  A.  Darling.  Nexv  York, 
J.  Wiley  &  Sons,  1912. 

The  work  is  based  on  the  drawing  room  courses  required  of  first  year  students  in  mechanical 
engineering  in  Cornell  University.  It  is  intended  rather  as  a  reference  book  than  a  text  book,  each 
drawing  plate  having  certain  paragraphs  assigned.  It  includes  a  somewhat  full  treatment  of 
isometric  drawing. 

Die  Essig  Fabrikation,  Josef  Bersch.     Wien,  1907. 

Human  Factor  in  Works  Management,  James  Hartness.  New  York,  McGraw- 
Hill  Book  Co.,  1912. 

The  title  gives  a  hint  as  to  the  subject  matter  of  the  work,  which  deserves  careful  perusal,  being 
the  first  attempt  to  apply  philosophical  principles  to  a  discussion  of  the  mental  habit  of  the  work- 
man and  works  manager. 

Krane.    Textband  u.  Tafelband.  Anton  Bottcher.     Munchen,  1906. 

Der  Moderne  Schiffbau,  G.  Neudeck,  B.  Schulz  and  R.  Blochmann.    vols.  1-2. 

Leipzig,  1912. 
New  Orleans  Sewerage  and  Water  Board.    24th  Semi-Annual  Report.    New 

Orleans,  1911.    Gift  of  the  board. 
New  York  City  Board  of  Water  Supply.    Contract  111  for  the  Construction 

of  Three  Concrete  Bridges  and  Approaches  in  the  Towns  of  Olive  and  Mar- 

bletown,  Ulster  Co.,  N.  Y.,  1912.    Gift  of  the  board. 
Ontario  Power  Company  of  Niagara  Falls.    Maps  of  Power  Districts.    Gift 

of  Niagara,  Lockport  and  Ontario  Power  Co. 
Pacific  Gas  and  Electric  Magazine,     vol.  3,   1911-1912.     San  Francisco, 

1911-1912.     Gift  of  the  magazine. 
Pennsylvania  and  its  Manifold  Activities.     Prepared  by  G.  C.  Whidden 

and  W.  H.  Schoff  for  the  12th  International  Congress  of  Navigation.    Phila- 
delphia, 1912. 
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Poor's  Manual  of  Industrials,  1912.     New  York,  1912. 

Port  and  City  of  Philadelphia.    Prepared  by  F.  H.  Taylor  and  W.  H.  Schoff 

for  the  12th  International  Congress  of  Navigation.     Philadelphia,  1912. 
Die  Statik  des  Kranbaues,  W.  L.  Andr^e.     Munchen,  1908. 
Syllabus  of  Mathematics.    Ithaca,  1912.    Gift  of  Society  for  the  Promotion  of 

Engineering  Education. 

Gift  of  Z.  A.  Willard 

Final  Report  on  the  Smoke  Nuisance.    February  26,  1912. 

Report  on  the  Smoke  Nuisance.    November  19,  1907. 

Smoke  Nuisance  and  Health. 

Smoke  Nuisance  in  Europe  and  America;  its  Menace  and  its  Cure. 

UNITED  ENGINEERING  SOCIETY 

L.  L.  Poates  and  Go's.  Complete  Atlas  of  the  World.    New  York,  1912. 

"Titanic"  Disaster.  Hearings  before  a  Sub-committee  of  the  Committee  on 
Commerce,  United  States  Senate,  62d  Congress,  Second  Session.  Wash- 
ington, 1912.     Gift  of  U.  S.  Senate. 

Trow's  General  Directory  of  the  Boroughs  of  Manhattan  and  Bronx* 
City  of  New  York,  vol.  126.    Neio  York,  1912. 

Gift  of  Association  of  American  Steel  Manufacturers 

Standard  Specifications  for  Concrete  Reinforcement  Bars  Rolled  from 

Billets,  as  adopted,  1910.    Revised  1912. 
Standard  Specifications  for  Structural  and  Boiler  Steel  as  adopted 

August  9,   1895.    Revised  1896,  1902,  1903  and  1912. 
Standard  Specifications  for  Rail  Steel  Concrete  Reinforcement  Bars, 

AS  adopted  1912. 

EXCHANGES 

American  Society  of  Refrigerating  Engineers.    Trans.,  vol.  5.    Neui  York, 

1909. 
Brooklyn  Engineers  Club.     Proc,  1911.    Brooklyn,  1912. 
International  Association  for  Testing  Materials.     Proc.  6th  Congress  of 

the  International  Association,  September  1912. 
Iron  and  Steel  Institute.     Carnegie  Scholarship  Memoirs,     vol.  4.     London, 

1912. 

Charter,  By-Laws  and  List  of  Members,  July  1912.    London,  1912. 

Wisconsin  Gas  Association.  Journal  of  Proc,  8th,  10th  and  11th  Annual 
Convention.     Milwaukee,  1909-1911. 
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TRADE    CATALOGUES 

American  Blower  Co.,  Detroil,  Mich.     Mechanical  draft,  64  pp. 

Aquabar  Co.,  Philadelphia,  Pa.  Aquabar  waterproofing  compound  for  con- 
crete or  cement  motors,  56  pp. 

Fulton  Machine  &  Vial  Co.,  Locoville,  N.  Y.    Vises  and  pumps,  40  pp. 

Hess-Bright  Mfg.  Co.,  Philadelphia,  Pa.  Thrust  collar  bearings;  driving 
clutch  thrust  bearings;  ball  bearings  in  horse  vehicles;  ball-bearing  mount- 
ings for  vertical  armature  shaft  of  electric  motor,  5  pp. 

Holmes  Metallic  Packing  Co.,  Wilkes-Barre,  Pa.    Metallic  packings,  40  pp. 

Illinois  Stoker  Co.,  Alton,  III.    Chain  grate  stokers,  31  pp. 

Ingersoll-Rand  Co.,  New  York.     Water  lifted  by  compressed  air,  67  pp. 

International  Gas  Engine  Co.,  Cudahy,  Wis.  "Ingeco"  gas,  gasolene,  oil  and 
producer  gas  engines,  64  pp. 

M.  W.  Kellogg  Co.,  Neto  York.  Smokf  stacks,  48  pp.;  welding  pipe  flanges 
and  nozzles,  12  pp. 

Metallic  Packing  &  Mfg.  Co.,  Elyria,  Ohio.     Martell  packings,  16  pp. 

Newton  Machine  Tool  Works,  Philadelphia,  Pa.  Cat.  no.  47  of  machine 
tools,  94  pp. 

Sowers  Mfg.  Co.,  Buffalo,  N.  Y.    Boilers,  machines,  iron  castings,  93  pp. 

Tight  Joint  Co.,  Nerv  York.    Price  list  of  fittings,  flanges  and  valves,  60  pp. 


OFFICERS  AND  COUNCIL 

President 
Alex.  C.  Humphreys 


Terms  expire  1912 

George  M.  Brill 
E.  M.  Herr 
H.  H.  Vaughan 


Vice-Pres  idents 


Terms  expire  1913 

Wm.  F.  Durand 

Ira  N.  Hollis 

Thos.  B.  Stearns 


Terms  expire  1912 

James  Hartness 
H.  G.  Reist 
H.  G.  Stott 


Managers 

Terms  expire  1913 

D.  F.  Crawford 
Stanley  G.  Flagg,  Jr. 

E.  B.  Katte 


Terms  expire  1914 

Chas.  J.  Davidson 

Henry  Hess 

Geo.  a.  Orrok 


M.  L.  HOLMAN 
F.  R.  HUTTON 


Past-Presidents 

Members  of  the  Council  for  1912 

E.  D.  Meier 


Jesse  M.  Smith 
George  Westinghouse 


Chairman  of  Finance  Committee 
Robert  M.  Dixon 


Treasurer 
William  H.-  Wiley 


Honorary  Secretary 
F.  R.  Hutton 


Secretary 
Calvin  W.  Rice 


EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


Alex.  C.  Humphreys,  Chmn. 

E.  D.  Meier,  Vice-Chmn. 

F.  R.  Hutton 


E.  B.  Katte 

Geo.  a.  Orrok 

H.  G.  Reist 


STANDING  COMMITTEES 

Finance  Meetings  Publication 

R.  M.  Dixon  (1),  Chmn.      C.  E.  Lucre  (1),  Chmn.  F.  R.  Low  (1),  Chmn. 

W.  H.  Marshall  (2)  H.  de  B.  Parsons  (2)  G.  I.  Rockwood  (2) 

H.  L.  Doherty  (3)  W.  E.  Hall  (3)  G.  M.  Basford  (3) 

W.  L.  Saunders  (4)  H.  E.  Longwell  (4)  C.  I.  Earll  (4) 

W.  D.  Sargent  (5)  H.  L.  Gantt  (5)  I.  E.  Moultrop  (5) 


Note — Numbers  in  parentheses  indicate  number  of  years  the  member  has  yet  to  serve. 
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Membership  L  ibm  rij 

G.  J.  FoRAN  (1),  Chmn. 
HosEA  Webster  (2) 
Theodore  Stebbins  (3) 
AV.  H.  BoEHM  (4) 
H.  C.  Meter,  Jr.  (5) 


House 


L.  Waldo  (5),  Chmn. 
W.  M.  McFarland  (1) 
C.  L.  Clarke  (2) 
Alfred  Noble  (3) 
E.  G.  Spilsbury  (4) 


F.  Blossom  (1),  Chmn. 
E.  Van  Winkle  (2) 
H.  R.  Cobleigh  (3) 

S.  D.  COLLETT  (4) 

W.  N.  Dickinson  (5) 


Research 

H.  H.  Rice  (5),  Chmn. 
R.  D.  Mershon  (1) 
W.  F.  M.  Goss  (2) 
A.  L.  De  Leeuw  (3) 
R.  C.  Carpenter  (4) 


Public  Relations 

J.  M.  Dodge  (4),  Chmn. 
D.  C.  Jackson  (1) 
J.  W.  Lieb,  Jr.  (2) 
F.  J.  Miller  (3) 
W.  R.  Warner  (5) 


SOCIETY  REPRESENTATIVES 


John  Fritz  Medal 

W.  F.  M.  Goss  (1) 
H.  R.  TowNE  (2) 
J.  A.  Brashear  (3) 
F.  R.  HtTTTON  (4) 


Trustees  U.  E.  S. 
J.  M.  Smith  (1) 
A.  C.  Humphreys  (2) 
F.  J.  Miller  (3) 


A.A.A.S. 

A.  C.  Humphreys 

H.  G.  Reist 
I.  A.  for  T.  M. 

Charles  Kirchhoff 


Library  Conference  Com- 
mittee 
Leonard  Waldo 


Engineering  Education 
A.  C.  Humphreys 
F.  W.  Taylor 


Increase  of  Membership 
I.E.  ]MouLTROP,  Chm  n . 
C.  W.  Aiken 

J.  V.  V.  COLWELL 

R.  M.  Dixon 
W.  T.  Donnelly 
J.  P.  Ilsley 

E.  B.  IvATTE 

H.  S.  Wynkoop 


SPECIAL  COMMITTEES 

Power  Tests 

D.  S.  Jacobus,  Chmn. 
G.H.Barrus,  V-Chmn. 

E.  T.  Adams 
L.  P.  Breckenridge 
William  Kent 
E.  F.  Miller 
Arthur  West 
A.  C.  Wood 


Student  Branches 

F.  R.  Hutton,  Chmn. 

Refrigeration 
P.  De  C.  Ball 

D.  S.  Jacobus 

E.  F.  Miller 
A.  P.  Trautwein 

G.  T.  Voorhees 


Research  Committee.    Sub- 
Commiltee  on  Steam 
R.  H.  Rice,  Chmn. 
C.  J.  Bacon 
E.  J.  Berg 
W.  D.  Ennis 
L.  S.  Marks 
J.  F.  M.  Patitz 


Research  Committee.    Sub- 


Conservation 

G.  F.  Swain,  Chmn. 
C.  W.  Baker 
L.  D.  Burlingame 
M.  L.  Holman 
C.  W.  Rice 


Committee    on 

Valves 

P.  G.  Darling 

H.  D.  Gordon 

E.  F.  Miller 

F.  L.  Pryor 
F.  M.  Whyte 


Safety 


Note — Xiimbers  in  parentheses  indicate  number  of  years  the  member  has  yet  to  serve. 
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SPECIAL  COMMITTEES— Cow/m«frf 


Involute  Geo7-s 

WlLFREDLE"WI8,C/imn. 

Hugo  Bilgram 

E.  R.  Fellows 
C.  R.  Gabriel 
C.  G.  Lanza 

Engineering  tStandards 
Henry  Hess,  Chmn. 
J.  H.  Barr 
Charles  Day 

Standard  Cross-Section 
Symbols 

H.DEB.PARSONSjCVim?/ 

F.  deR.  Furman 
A.  E.  Norton 
Bradley  Stoughton 
John  W.  Upp 

Flanges 

H.  G.  Stott,  Chmn. 
A.  C.  Ashton 
W.  M.  McFarland 
Wm.  Schwanhausser 
J.  p.  Sparrow 


Standardization  of  Cata- 
logues 
Wm.  Kent,  Chmn. 

J.  R.  BiBBINS 

M.  L.  Cooke 
W.  B.  Snow 


Pipe  Threads 

E.  M.  Herr,  Chmn. 

W.  J.  Baldwin 

L.  V.  Benet,  Repre- 

sentative    at    Paris 

Conferences 
G.  M.  Bond 
S.  G.  Flagg,  Jr. 


Society  History 

J.  E.  Sweet,  Chmn. 
F.  R.  Hutton,  Secy. 

H.  H.  SUPLEE 


Tellers  of  Election 
W.  T.  Donnelly 
G.  L.  Hoxie 
T.  Stebbins 


Nominating  Committee 
Ambrose  Swasey,  Chmn. 

Cleveland,  O. 

A.  E.  Cluett,  Troy,  N.  Y. 

W.  B.  Gregory,  New  Orleans,  La. 

John  Hunter,  St.  Louis,  Mo. 

Wm.  Schwanhausser,  New  York,  N.  Y 


Committee  on  Cooperation 
with  Engineering  Societies 
C.  W.  Baker 
E.  D.  Meier 

Code  of  Ethics 

C.  W.  Baker,  Chmn. 
C.  T.  Main 
E.  D.  Meier 
Spencer  Miller 
C.  R.  Richards 


Committee  to  Formvlate 
Standard  Specifications 
for  the  Construction  of 
Steam  Boilers  and  other 
Pressure  Vessels  and 
for  Care  of  Same  in 
Service 

J.  A.  Stevens,  Chmn. 
W.  H.  Boehm 
R.  C.  Carpenter 
Richard  Hammond 

C.  L.  Huston 
H.  C.  Meinholtz 

E.  F.  Miller 

Constitution  and  By-Laws 

J.  M.  Smith,  Chmji. 
G.  M.  Basford 

F.  R.  Hutton 

D.  S. Jacobus 

E.  D.  Meier 

Committee  on  Changes  in 

the  Patent  Laws  of  U.  S. 
W.  H.  Blauvelt 
B.  F.  Wood 

Kelvin    Memorial    Com- 
mittee 
A.  C.  Humphreys,  Pres. 

I.  N.  HOLLIS 

C.  W.  Rice 
J.  M.  Smith 


Tolerances    in    Screw 

Thread  Fits 
L.  D.  Burlingame, 

Chmn. 
Elwood  Burdsall 
F.  G.  Coburn 

F.  H.  COLVIN 

A.  A.  Fuller 
James  Hartness 
H.  M.  Leland 
W.  R.  Porter 
F.  O.  Wells 


On  Arrangements  Leipzig 
Meeting  191S 
E.  D.  Meier,  Chmn. 
J.  W.LiEB,  Jr.,  F-C/iwr*. 
W.  F.  M.  Goss 
C.  W.  Baker 
W.  H.  Wiley 
A.  C.  Humphreys, 

President,  ex-officio 

C.  W.  Rice, 

Secretary,  rx-officio 


1598 


LOCAL  MEETINGS  OF  THE  SOCIETY 


Boston 

E.  F.  Miller,  Chnm. 
R.  E.  Curtis,  Secy. 
Henry  Bartlett 
R.  H.  Rice 
G.  F.  Swain 

San  Francisco 

A.  M.  Hunt,  (Jhmn. 
T.  W.  Ransom,  Secy. 

W.  F.  DURAND 

E.  C.  Jones 
Thos.  Morrin 


New  York  Si.  Louis 

F.  H.  CoLViN,  Chmn.  E.  L.  Ohle,  Chmn. 

F.A.WA-LDnoSjSecy-Treas.F.  E.  Bausch,  Secy. 
H.  R.  Cobleigh  M.  L.  Holman 

Edward  Van  Winkle         John  Hunter 
R.  V.  Wright  R.  H.  Tait 


Philadelphia 

A.  C.  Jackson,  Chmn. 
D.  R.  Yarnall,  Secy. 
J.  E.  Gibson 
W.  C.  Kerr 
T.  C.  McBride 


Xew  Haven 

E.  S.  Cooley,  Chmn. 

E.  H.  LocKWooD,  Secy 

F.  L.  Bigelow 

L.  P.  Breckenridge 
H.  B.  Sargent 


Cincinnati 

A.  L.  DeLeeuw,  Chmn.  J.  T.  Faig,  Secy. 

W.  G.  Franz  G.  W.  Galbraith  L.  H.  ThuUen 

Sub-Committees  of  the  Committee  on  Meetings 


Textiles 

C.  T.  Plunkett,  Chmn. 
E.  W.  Thomas,  Secy. 

D.  M.  Bates 
John  Eccles 

E.  D.  France 

E.  F.  Greene 

F.  W.  Hobbs 

C.  R.  Makepeace 
C.  H.  Manning 
H.  F.  Mansfield 


Administration 

J.  M.  Dodge,  Chmn. 
L.  P.  Alford,  Secy. 
D.  M.  Bates 
H.  a.  Evans 
Wilfred  Lewis 
'  W.  L.  Lyall 
W.  B.  Tardy 
H.  R.  Towne 
H.  H.  Vaughan 


Cement  Manufacture 

F.  W.  Kelley,  Chmn. 
J.  G.  Bergquist, 

V-Chmn. 
W.  R.  Dunn 
Morris  Kind 
F.  H.  Lewis 
W.  H.  Mason 
R.  K.  Meade 
Ejnar  Posselt 
H.  J.  Seaman 
H.  Struckmann 
A.  C.  Tagge 
P.  H.  Wilson 

Machine  Shop  Practice 
F.  E.  Rogers,  Chmn. 
L.  D.  Burlingame 
W.  L.  Clark 
A.  L.  DeLeeuw 
W.  H.  Diefendorf 
F.  L.  Eberhardt 
F.  A.  Errington 
A.  J.  Fuller 
H.  D.  Gordon 
H.  K.  Hathaway 
Alex.  Kearney 
Wm.  Lodge 


Iron  and  Steel 

Jos.  Morgan,  Chmn. 
W.  P.  Barba 
F.  F.  Be  all 
A.  L.  Colby 
M.  T.  Lothrop 
W.  E.  Snyder 
Maunsel  White 
Julian  Kennedy 


Hoisting  and  Conveying 
R.  B.  Sheridan,C/iw//. 
C.  K.  Baldwin 
O.  G.  Dale 
f.  e.  hulett 
Spencer  Miller 
A.  L.  Roberts 
Harry  Sawyer 


Air  Machinery 

F.  W.  O'Neil,  Chmn. 
H.  V.  Conrad 
William  Prellwitz 
R.  H.  Rice 


Industrial  Building 

Charles  Day,  Chmn. 
William  Dalton 
J.  O.  DeWolf 
F.  B.  Gilbreth 
C.  T.  Main 


Ra  ilroads 

E.  B.  Katte,  Chmn. 
G.  M.  Basford 
T.  N.  Ely 
W.  F.  M.  Goss 
W.  B.  Potter 
N.  W.  Storer 
H.  H.  Vaughan 
R.  V.  Wright 


Fire  Protection 

J.  R.  Freeman,  Chmn. 
Albert  Blauvelt 

E.  V.  French 

F.  M.  Griswold 
H.  F.  J.  Porter 
T.  W.  Ransom 

I.  H.  WOOLSON 
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OFFICERS  OF  THE  GAS  POWER  SECTION 


Ch(iir)ii(tii 

H.  .i.   K.  Fheyx 


Gas  Power  Executive  Com- 
miliee 

F.R.Hutton(1  ),(?/(//;//. 
F.  R.  Low  (3) 
i.  e.  moultrop  (5) 
Max  Rotter  (1) 
H.  F.  Smith  (1) 

H.  H.  SUPLEE   (2) 
H.  E.   LONGWELL   (1) 


Gas  Power  Literature  Com- 
mittee 

R.B.BLOEMEKE,C/lTOn. 

A.  W.  H.  Griepe 

H.  S.   ISHAM 

J.  Maibaum 

W.  F.  Monaghan 

W.  S.  Morrison 

S.  I.  Oesterreicher 

S.  O.  Sandell 

H.  G.  Wolfe 

N.  J.  Young 


Sccrclary 

Geo.  A.Ourok 

Gas  Power  Membership 
Co7nmiltee 

A.  F.  Stillman, C/m(/(. 
H.  V.  O.  Goes 
J.  H.  Lawrence 

F.  S.  King 

J.  H.  NORRIS 

G.  M.  S.  Tait 
J.  D.  Shaw 

H.  W.  Anderson 
C.  D.  Smith 


Wm.  T.  Magruder,  ChiJin 
W.  H.  Blauvelt 


Gas  Power  Commiltee  on  Meetings 

E.  D.  Dreyfus  Nisbet  Latta 

A.  H.  Goldingham  H.  B.  Macfarland 


OFFICERS  OF  AFFILIATED  SOCIETY 

Providence  Association  of  Mechanical  Engineers 
T.  M.  Phetteplace,  Pres.  W.  H.  Paine,  Vice-Pres. 


J.  A.  Brooks,  Secy. 


A.  H.  Whatley,  Treas. 


OFFICERS  OF  STUDENT  BRANCHES 


INSTITUTION 

DATE 
AUTHORIZED 
BT  COUNCIL 

HONORARY 
CHAIRMAN 

CHAIRMAN 

CORRESPONDING 
SECRETARY 

Stevens  Inst,  of  Tech. 

Dec.  4,  I90S 

Ale.x.C.  Humphreys 

J.  H.  ^'ander  Veer 

J.  Strauss 

Cornell  University 

Dec.  4,  1908 

R.  C.  Carpenter 

S.  D.  Mills 

D.  S.  Wegg,  Jr. 

Armour  Inst,  of  Tech. 

Mar.  9,  1909 

G.  F.  Gebhardt 

E.  R.  Burley 

H.  R.  Kuehn 

LelandStanfordJr.Univ. 

Mar.  9,  1909 

W.  F.  Durand 

C.  W.  Scholefield 

V.  W.  Winter 

Brooklyn  Poly.  Inst. 

Mar.  9,  1909 

W.  D.  Ennis 

A.  Seubert 

G.  W.  Weitlauf 

Purdue  University 

Mar.  9,  1909 

G.  A.  Young 

A.  W.  Kimmel 

G.  F.  Lynde 

University  of  Kansas 

Mar.  9,  1909 

P.  F.  Walker 

V.  H.  Hilford 

L.  L.  Browne 

New  York  University 

Nov.  9,  1909 

C.  E.  Houghton 

Harry  Anderson 

AndrewHamilton 

Univ.  of  Illinois 

Nov.  9,  1909 

W.  F.  M.  Goss 

L.  G.  Smith 

C.  A.  Schoessel 

Penna.  State  College 

Nov.  9,  1909 

J.  P.  Jackson 

J.  A.  Kinney 

H.  S.  Rogers 

Columbia  Universitj- 

Nov.  9,  1909 

Chas.  E.  Lucke 

E.  W.  Stone 

E.  A.  Jarecki 

Mass.  Inst,  of  Tech. 

Nov.  9.  1909 

E.  F.  Miller 

J.  G.  Russell 

J.  B.  Farwell 

Univ.  of  Cincinnati 

Nov.  9,  1909 

J.  T.  Faig 

C.  W.  Lytle 

A.  0.  Hurxthal 

Univ.  of  Wisconsin 

Nov.  9,  1909 

A.  G.  Christie 

W.  D.  Moyer 

H.  C.  Prochazka 

Univ.  of  Missouri 

Deo.  7,  1909 

H.  Wade  Hibbard 

A.  C.  Edwards 

P.  A.  Tanner 

Univ.  of  Nebraska 

Dec.  7,  1909 

J.  D.  Hoffman 

P.  S.  Toney 

M.  C.  Evans 

Univ.  of  Maine 

Feb.  S,  1910 

Arthur  C.  Jewett 

A.  H.  Blaisdell 

W.  B.  Emerson 

Univ.  of  Arkansas 

Apr.  12,  1910 

B.  N.  Wilson 

J.  A.  Dickinson 

W.  B.  Gardner 

Yale  University 

Oct.ll,  1910 

L.  P.  Breokenridge 

C.  E.  Booth 

O.  D.  Covell 

Rensselaer  Poly.  Inst. 

Dec.  9,  1910 

A.  M.  Greene,  Jr. 

W.  D.  Small 

0.  A.  Van  Den- 

burgh,  Jr. 

State  Univ.  of  Ky. 

Jan.lO,  1911 
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Univ.  of  California 

Feb.13,  1912 

Joseph  N.  Le  Conte 

G.  M.  Simonson 

G.  H.  Hagar 
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THE     WARNER     &     SWASEY     COMPANY 

Works  and  Main  OJice:  CLEVELAND,   U.   S.   A. 

/ir.„ic/t   Offices:     NF.W  YORK,   BOSTON,  DETROIT  ami  CHICAGO 


TURRET  LATHES 


TURRET  SCREW  MACHINES 


BRASS-WORKING  MACHINE  TOOLS 


Turret    Screw    Machines 

Great  productive  capacity — adaptability   and   mechanical   refinement — the  result  of 
thirty  years'  experience  devotctl  to  the  liigh(>st  .standard  of  construction. 


■^i^f- 


No.  8 — ZVs,"  bar  capacity;  20"  swing 

Five  sizes — |  to  3|"  bar  capacity;  10  to  20"  swing. 

Turret  Lathe  equipments  planned,  estimates  of  output  furnished,  or  representative 

will  \\s\t  vou. 


STEAM 


GAS 


BUCKEYE  GAS  ENGINES 

Owing  to  the  governing  system  the  regulation  equals  that  of  any 
modern  steam  engine,  insuring  successful  parallel  operation. 
The  mixing  apparatus  is  a  combination  of  quantity  and  quality 
control,  the  double  ignition  system  is  simple  and  easily  adjusted, 
the  water  cooling  system  is  the  most  efficient  devised.  Built  in 
horse  powers  from  50  up,  for  Natural,  illuminating  or  producer  gas. 
Send  for  catalog. 

BUCKEYE  ENGINE  COMPANY 

,  SALEM,   OHIO 


GAS 


STEAM 


HARTNESS  FLAT  TURRET  LATHE 

Turret  Description 

'HpHE  turret  is  a  flat  circular  plate;  it  is  mounted  on  a 

-*-  low  carriage  containing  controlling  mechanism. 
The  connections  of  the  turret  to  the  carriage,  and  the 
carriage  to  the  lathe  bed,  are  the  most  direct  and  rigid, 
affording  absolute  control  of  the  cutting  tools.  The  tur- 
ret is  accurately  surfaced  to  its  seat  on  the  carriage  by 
scraping,  and  securely  held  down  on  that  seat  by  an  an- 
nular gib.  In  the  same  manner  the  carriage  is  fitted  to 
the  Vs  of  the  bed;  the  gibs  pass  under  the  outside  edge 
of  the  bed. 

The  index  pin  is  located  directly  under  the  working 
tool  and  so  close  to  it  that  there  can  be  no  lost  motion 
between  the  tool  and  the  locking  pin.  The  turret  is 
turned  automatically  to  each  position  the  instant  the 
tool  clears  the  work  on  its  backward  travel,  and  it  is  so 
arranged  that  by  raising  and  lowering  trip  screws  near 
the  center  of  the  turret,  it  may  be  turned  to  three,  four 
or  five  of  the  six  places  without  making  any  other  stops. 

A  simple,  accurate  stop  mechanism  for  the  turret 
slide  provides  twelve  independently  adjustable  stops, 
two  for  each  of  the  six  positions  of  the  turret,  or  any 
other  division  required  by  the  operator. 

The  feeding  mechanism  for  the  turret  slide  and  the 
cross-feeding  head  receives  its  power  through  a  speed - 
varying  device  which  is  under  the  convenient  control  of 
the  hand  wheel  at  head  end  of  bed.  One  revolution  of 
this  wheel  gives  the  full  range  of  feeds,  from  drilling 
feed  of  120-per-inch  to  coarse  turning  feed  of  lo-per- 
inch,  and  every  intermediate  feed. 

A  spring  tore  weighing  device  on  the  feed  rod  gives     . 
the    pulling    power   of    this    feed    mechanism    a    known 
value.     This  device  yields  at  a  certain   predetermined     i 
pressure.  i 

In  operation  the  carriage  is  fed  forward  until  it  reaches 
one  of  the  stops,  against  which  it  is  held  by  this  pressure     i 

Springfield,  vt.       joHcs  &  LamsoD 


U.  S.  A. 


Germany,  Holland,  Belgium,  Switzerland,  Austria-Hungary, 
M.  Koyermann,  Charlottenstrasse  112,  Dusseldorf,  Germany 


till  disengaged  by  the  operator.  Arresting  the  feed 
without  releasing  the  carriage  gives  the  tool  a  chance 
to  accurately  face  the  shoulder,  leaving  a  smooth  sur- 
face instead  of  the  ragged  face  left  when  carriage  is 
released  under  full  cut. 

It  has  been  the  practice  heretofore  to  arrange  the  positive  stop 
a  thirty-second  of  an  inch  beyond  the  knock-off  for  the  feed,  and 
in  the  usual  operation  of  a  machine  of  this  kind  the  feed  knocks 
off,  and  then  the  turret  sUde,  released,  jumps  back,  and  the  tool 
digs  in,  cutting  a  slight  groove  just  back  of  the  shoulder.  When  on 
work  requiring  exact  shoulder  distances  or  smoothly-finished  shoul- 
ders, the  operator  brings  the  slide  against  the  positive  stop,  hold- 
ing it  there  with  as  nearly  as  possible  uniform  pressure  until  the 
turner  has  surely  faced  its  full  length.  In  the  present  machine  the 
turret  is  always  fed  against  the  positive  stop  and  held  there  with 
a  uniform  pressure,  insuring  the  most  accurate  results  for  shoulder 
length. 


Extracts  from    the   book    of   the    Hartness    Flat    Turret 
Lathe.     Copies  of  the  book  mailed  on  request. 


Machine  Company 


Queen  Victoria  St. 
London,  England. 


France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray,  9  and  11 
Rue  des  Envierges,  Paris      Italy,  Adier  &  Eisenchitz,  Milan 


ENGINEERING  SOCIETIES  BLDG. 


Roberts 

the 
Standard  Water 

Filters 


are  installed  in  all  build- 
fr>  ings  in  the  country  where 
''f      an  absolutely  pure  water 

supply  is  demanded. 


Illustration  shows  the 
United  Engineering  Socie- 
ties' Building,  New  York 
City,  equijii^ed  ^\^th 

noraTS  FILTEHS 


NEW  YORK  CITY 


Simplicity       Efficiency       Durability 
Reasonable  Cost 

Roberts  Filters 

meet  all  these  requirements.     We  build  and  design  both  Gravity 
and  Pressure  Filters  of  any  capacity  and  for  every  use. 

Industrial  and  Municipal  work  a  specialty. 
Write  for  Catalogue 

ROBERTS  FILTER  MFG.  CO.  Inc. 

DARBY,  PHILA.,  PA. 


We  solicit 
your  inquiries 


Licensed  under 
negative  head  patents 


the  Thought  of  the  Times 
in  steam  production 

— i.s  saving  ''waste." 

Your  own  best  ideas  are  given  to  increasing  the  -usefulness  of 
generated  power.  Your  keen  analysis  shows  that  even  a  5%  saving 
of  energy  is  one-twentieth  of  the  total  annual  fuel  cost;  that  a  10% 
saving  is  one-tenth;  that  frequently  this  represents  a  large  part  of 
the  interest  on  the  whole  investment. 

By  the  simple  mechanical  blowing  of  soot  from  the  boiler  heating 
surfaces  this  critical  10%  can  be  saved. 

^^ Diamond  ^^  Soot  Blower   Systems 


?ave  fuel  in  every  standard  make  of  boiler, 
—some  in  the  largest  plants  of  their  kind. 


Over  20,000  in  use 


This"  Model  B"  Dia- 
mond Soot  Blower  is 
saving  tnoney  on  hun- 
dreds of  horizontal  fire 
tube  boilers.  Note  its 
rear-end  application. 


From  complete  files  of  drawings  and  specifications  our  engineer- 
ing department  can  furnish  particulars  in  regard  to  any  installation, 
at  once. 

Let  us  send  "Making  Heat  Produce" — you  should  have  these  facts. 
Write  today  for  your  copy. 

Diamond  Power  Specialty  Company 

Soot  Blowers  for  all  Standard  Boilers 
70  First  Street,  DETROIT 


1534  Monroe  Bldg. 
CHICAGO 


Bourse  Bldg. 
PHILADELPHIA 


702  Singer  Bldg. 
NEW  YORK 


Suite  24-29  Pearl  St. 
BOSTON 


Canadian  Factory:  Windsor,  Ont. 


Foreign  Branch:  London,  Eng, 
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Class  "O"  Duplex 

Steam  Driven 

Compressor 


COMPRESSED     AIR 

AT     THE     RIGHT     PRICE 


Whether  compressed  air  is,  or  is  not,  an  economy 
depends  upon  what  it  costs,  and  how  it  is  used. 
Costly  air  used  in  wasteful  machines  is  an  extra- 
vagance. But  first  of  all — buy  the  right  com- 
pressor— not  a  "cheap"  compressor  but  one 
that  makes  cheap  compressed  air. 

Buy  a  dependable  compressor  that  will  give 
you  service,  not  trouble — one  that  uses  power 
economically,  takes  care  of  itself,  stands  up  to 
business  in  a  business-like  manner.  And  buy 
a  compressor  that  fits  your  conditions — not 
a  compromise. 

Investigate  the  Ingersoll-Rand  line — larger  in 
its  scope,  wider  in  its  diversity,  with  a  longer 
record  of  experience  behind  it,  and  with  a 
wider  application,  than  any  other. 

The  weight  of  evidence  recommends  Ingersoll- 
Rand  Compressors.  Don't  set  yourself  up 
against  the  judgment  of  the  vast  majority. 

INGERSOLL-RAND  CO. 

NEW  YORK  LONDON 

Offices  in  All  Principal  Cities  of  the  World 
Compressors  Air  Tools  Air  Hoists  Sand  Rammers 


No.  C-28 


G 


Ilbncumattc  lEnQtnecrs— 

the    latest,    newest    members    of  the    En- 
gineei^ing    P r o/e s s  i  o  n- — believe    in 

Chicago    Pneumatic    Compressors 
and   Tools 

becattse   they   are   the   result    of  years   of 
specializing  in  the  science  of  Pneumatics 


Chicago   Pneumatic    Gasoline-Driven   Compressor 

Engineers  should  have  our  literature  on  these 

subjects: 

"CHICAGO  PNEUMATIC"  COMPRESSORS 

CHICAGO  GIANT  ROCK  DRILLS 

CHICAGO  GIANT  PILE  DRIVERS 

BOYER  AIR  HAMMERS 

BOYER  RIVET  BUSTERS 

DUNTLEY  ELECTRIC  DRILLS 

LITTLE  GIANT  BALL-BEARING  DRILLS 
And  should  be  subscribers  to  our  monthly  house  organ,  If^eal  power 


CHICAGO  PNEUMATIC  TOOL  COMPANY 

Branches  Everywhere 


loio  Fisher  Building 
Chicago 


50  Church  Street 
New  York 


The  Men  Who  Design  fi=E 
Industrial  Control  Devices 

cooporatc  with    the 

Men  Who  Know  Motors 

and  vindcrstand  overy  phase  of  their  aj)- 
pHcatioii. 

This  is  one  of  the  many  exceptiona 
advantages  which  enable  the  General 
Electric  Company  to  produce  Control 
Devices  of  greatest  value  to  the  men 
who  use  them. 

G-E  Industrial  Control  Devices  are 
made  for  every  class  of  industrial  service. 
A  few  of  these  are  illustrated  on  this  page. 

Complete  information  directty  applica- 
ble to  your  problems  furnished  on  request. 

General  Electric  Company 

Largest  Electrical  Monufacturer  in  the  World 

Principa  Office:  Schenectady,  N.  Y. 
Sales  Offices  in  all  Large  Cities  3637 


Foster  Superheaters 

Will  give  increased  efficiency  and 
economical  results  in  the  operation 
of  any  plant  using  steam.  Can  be 
applied  to  boilers  of  any  type,  old 
or  new. 

ADVANTAGES: 

Greater  efficiency   in    engines    and    turbines 
Increased  duty  of  pumping  engines 
Increased  capacity  of  steain  turbines 
No  drips  from  joints  or  stuffing-boxes 

Higher  Temperatures  More  heat  units 

Greater  Volume  Water  Troubles  eliminated 

Decreased  friction  Saving  in  steam 

Saving  in  coal  Perfect  gas  properties 

Better  vacuum  Less  steam  to  condense 

Smaller  piping  Reduced  load  on  boilers 

USES: 

Steam  engines       Drying  rooms         Industrial  plants 
Steam  turbines     Chemical  works     Asphalt  reduction 
Heating  systems   Wood  preserving   Evaporating  tanks 

We  will  be  glad  to  send  you  some 
interesting  and  useful  publications 
dealing   with    this   whole    subject. 


POWER  SPECIALTY  COMPANY 

111   BROADWAY,   NEW  YORK 

BRANCH  OFFICES 

BOSTON  CHICAGO  PHILADELPHIA  PITTSBURGH 

SAN   FRANCISCO  BIRMINGHAM,  ALA. 


MEAD -MORRISON 

MANUFACTURING  COMPANY 


ELECTRIC    HOISTS 

npHE  Mead-Morrison  line   of   Electric 
^       Hoists  includes  types  adapted   for 
every  class  of  service. 

They  are  designed  and  constructed  to  meet  the 
most  exacting  requirements  of  Quarrymen,  Con- 
tractors and  Bridge  Builders;  Railroad,  Dock, 
Sewer  and  Subway  Construction  ;  Dredging,  Log- 
ging, Hauling,  Erecting  and  Driving;  Ships, 
Docks,  Coal  Wharves,  Mines,  etc.  Our  En- 
gineers will  be  glad  to  co-operate  with  you  in 
solving  your  hoisting  problems.  Correspondence 
invited. 


WORKS  AND  GENERAL  OFFICES 


Cambridge,    Mass 


NEW   YORK,    U9    Broadway;      CHICAdO,    Alonadnuck  Block 
Equitable   Bldg.;       PITTSBURG.    108   W.   Park   Way.   N.   S.; 
Metropolis  B'k  Bids.;      NEW  ORLEANS,   110  N.  Peters  St 

James  St.;       SEATTLE.   Bailey  Bldg. ' 

ANGELES,  1206  Union  Trust  Bldg. 


;      BALTIMORE.  821 

SAN    FRANCISCO, 

..„  ...  ..,...„  ^..,     MONTREAL,  286  St. 

PORTLAND,    Lumbernion's   Bldg.;         LOS 
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WESTINGHOUSE    TURBINES, 

wherever  installed,  will  be  found  carry- 
ing the  24-hour  load.  Their  absolute  relia- 
bility makes  it  possible  to  benefit  continuously 
by  their  high  efficiency.  Proper  considera- 
tion of  these  two  factors,  which  are  the  real 
essentials  of  economical  power  generation, 
will  indicate  clearly  the  superiority  of  our 
turbines. 


The  Westinghouse  Machine  Company 

Prime  Movers  and  Auxiliaries 

New  York,  165  Broadway  Pittsburgh, Westinghouse  Building    Philadelphia,  North  American 

Boston,  131  State  Street  Cleveland,  S  wet  land  Building  Building 

Atlanta,  Candler  Building  Chicago,  39  South  La  Salle  Street    Denver,  Gas  &  Electric  Building 

St.  Louis,  Chemical  Building     Cincinnati,  1103  Traction  Building  San  Francisco,  Hunt.Mirk  &  Co. 
Mexico:  Compania  Ingeniera,  Importadora  y  Contrastists,  S.  A.  (Successors  to 
G.  &  O.  Braniff  &  Company),  City  of  Mexico 
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High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   >vith    one-half 
your  labor  cost  and  steam  consumption 


COST  OF  REPAIRS  REDUCED 


Eliminates  Heavy  Shocks  and 
Vibration 


SINGLE  LEVER  CONTROL 


SMALL  SIZES— Single  Frame  Type 
LARGE   SIZES— Four   Column  Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 

KANtrPACTURED  UNDER  DAVY  BROS.,  LTD.,  PATENTS 

UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300   FARMERS'    BANK  BUILDING  PITTSBURG.   PA. 


Nash  Gas  Engines 


For  electric  lighting,  pumping,  storage  batteries,  and  all  power  requirements. 
Sizes  6  to  425  H.  P.  25  years'  leadership.  Operate  on  gas,  gasoline, 
producer  gas,  etc. 

NATIONAL  METER  COMPANY 

E.tabH,h.d   84  CHAMBERS  STREET,  NEW  YORK  ■"""■o^pU"!' 

Chicago        Boston       Pittsburgh      San  Francisco       Cincinnati        Los  Angeles 
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HAMILTON  CORLISS 

HORIZONTAL  CRANK  AND  FLY  WHEEL 
PUMPING  ENGINES 

are  particularly  designed  for  hard  service  and  long  life  and  the  valves  are  arranged  in  the  annealed 
steel  casting  decks  in  such  tmnnner  that  the  flow  of  w  iter  is  not  deflected  in  all  directions,  as  is 
necessarily  the  case  when  the  bee-hive  or  cage  system  is  used. 


Hamilton  Corliss  Engines  are  the  most  economical  steam  operated  prime  movers  known  and 

are  sold  on  their  operating  record. 

Send  for  Bulletin   "F" 

THE  HOOVEN,  OWENS,  RENTSCHLER  CO.,  Hamilton,  Ohio,  U.  S.  A. 


The    Improved 

Murphy  Automatic   Furnace 

For  over  30  years  the  leading  Automatic  Stoker — Over  1,500,000  H.P.  in  operation 


UXITKO   i;i.l:(THIC   I.IIiHT   I  C).,    Sl'KINGFIELU.    MX-.-. 

1st  order  Sept..   1903—  900  H.P.  3rd  order  Mar..   1907—2400  H.P. 

2nd   ••  ••       1904—1900  H.P.  4th      "      Jan.     1910—2400  H.P. 

^r^"^  MURPHY  IRON  WORKS,  Detroit.  Mich.       ^-^^r'" 
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THE  WIRES 

in  Roebling  Wire  Rope  are  made  from  carefully 
selected,  thoroughly  tested  metals. 

They  are  drawn  and  treated  so  as  to  develop 
to  the  fullest  extent  the  strength,  toughness  and 
pliability  required  for  high  grade  rope. 

These  wires  are  stranded  into  rope  in  accord- 
ance with  designs  proven  by  long  experience  to 
be  best  adapted  for  good  service. 


JOHN    A.    ROEBLING'S    SONS 

TRENTON,   N.  J. 


COMPANY 


New  York 

San  Francisco 


Agencies  and   Branches: 

Chicago  Atlanta 

Los  Angeies  Portland,  Ore. 


Cleveland 
Seattle 


THE  TRIPLEX  BLOCK) 


Aerial 
Transportation 

The  object  of  lifting  a  load  is  to  move  it  some- 
where. Therefore  the  logical  thing  to  use  is  a 
combination  machine  which  both  lifts  and  trans- 
ports the  load. 

A  Triplex  Block  and  Brownhoist  Trolley,  in 
combination,  are  universally  used  wherever  this 
logical  idea  is  carried  out  in  practice. 

Safety 

The  Triplex  is  a  steel  block — hooks,  chain,  gears, 
pinion  and  sheave,  hkewise,  the  trolley  is  of  steel. 

Send  today  for  the  Book  of  Hoists,  K-10.  It 
shews  trolley  installations  and  gives  data  appli- 
cable to  any  industi-y. 

Every  Block  Tested  to  Fifty  Per  Cent  Overload 
Triplex   (16  Sizes:     Oae-quarter  of  a  ton  to  forty  tons. 
Blocks:  i  300  Active  Stocks  all  over  the  United  States. 

The  Yale  &  Towne  Mfg.  Company 

Also  Duplex  Block.s,  DilTerential  Blocks  iiiifl  Electric  Hoists 


The  Makers  of 
Yale     Products 


Cyale!) 


9  Murray  Street, 
New  York,  U.S.A. 


Chicago,  74  East  Randolph  Street. 

San  Francisco.  134  Rialto  Building 

Canadian  Yale  &  Towne  Limited,  St.  Catharines,  Ontario 
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GOODRICH 

Conveyor    Belts 

"  Best  in  the  Long  Run  " 


"U&T  as  Goodrich  Tires  have  a  world-wide 
fame  for  being  the  "best  in  the  long  run," 
so  also  have  the  Goodrich  Conveyor  Belts  established  their  claim 
to  the  use  of  this  appropriate  motto. 

Goodrich  Conveyor  Belts   run    the    longest.     This   means 
longest  life.     Isn't  that  what  you  want  ? 

Try  our  "  Longlife  "  Brand  for  your  next  belt. 
**Best    in    the     Long     R  u  n'' —  "  L  O  N  G-L  I F  E" 


The  B.  F.  Goodrich  Company^  Akron,  0. 


Largest  in  the  world 


TBADE   MAFIK 


For  heavy  continuous  service  in  handling  Stone, 
Ore,  Rock,  Sand,  Gravel  and  Similar  Materials. 

GOKSIDER  JEFFKEY  ELEVgTOlS 


The  great  strength  and  large  wearing  sur- 
faces of  Chains  and  Buckets  especially  adapt 
them  for  severe  working  conditions. 

Distinguished  for  their  low  cost  of  opera- 
tion and  maintenance. 

Designed  and  built  to  meet  conditions. 

We  manufacture  Elevators  and  Conveyers 
for  all  purposes,  Screens,  Crushers,  Pulver- 
izers, Excavating  Machinery,  Concrete  Mix- 
ers, Power  Transmission  Machinery,  etc. 

Send  for  Catalogs  on  subjects  in  which  you  are  interested. 


Jeffrey    Mfg-    Co-,    Columbus,    O. 


New  York 

Boston 

Montreal 


Pittsburg 

Charleston,  W.  Va. 
Atlanta,  Ga. 


Birmingham 
Chicago 
St.  Louis 


Denver 
Seattle 
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LINKENHEIMER  "  RENEWO"  VALVES 

Let  the  puiehase  of  your  valves  l)e  governed  by 
"QUALITY";  carefully  consider  durability  and  prac- 
ticability; compare  the  "  Renewo"  with  other  makes 
of  valves,  and  we  feel  satisfied  as  to  your  choice. 

Lunkenheimer  "Renewo"  Valves  are  durable,  not 
only  because  every  part  can  be  renewed,  which  includes 
the  seat  and  disc,  but  also  owing  to  the  scientific  con- 
struction of  the  seat  and  disc,  which  minimizes  the 
wear  on  the  seating  faces  and  keeps  them  clean.  The 
seating  faces  are  regrindable,  without  removing  the 
valves  from  their  connecting  pipes. 

The  material  used  is  of  the  very  highest  grade,  the 
bronze  containing  a  large  percentage  of  copper  and  tin. 
The  seat  and  disc  are  made  oi  a  most  durable  nickel  alloy. 

The  valves  are  made  in  Medium  and  Extra  Heavy 
Patterns,  guaranteed  for  working  pressures  up  to  200  and  300  pounds  per  square 
inch  respectively,  and  in  sizes  ranging  from  i  to  3  inches  inclusive. 
Your  local  dealer  can  furnish  them;  if  not,  write  us. 

Write  for  1912  catalogue. 

THE   LUNKENHEIMER  COMPANY 

Largest   Manufacturers  of  High  Grade  Engineering  Specialties  in  the  World 

General  Offices  and  Works:    CINCINNATI,  OHIO,  U.  S.  A, 


New  York, 
64-68  Fulton  St. 


Boston, 
138  High  St. 


Chicago, 
186  N.  Dearborn  St. 


London,  S.  E., 
35  Great  Dover  St. 


Power  Transmission  Appliances 

FRICTION  CLUTCH  PULLEYS 
FRICTION  CLUTCH  COUPLINGS 
FRICTION  CLUTCH  QUILLS 
FRICTION  CLUTCH  OPERATORS 
FRICTION  CLUTCH  SHEAVES 


FLOOR  STANDS 

HEAVY  MILL  BEARINGS 

SHAFT  COUPLINGS 

SHEAVES  AND  TENSION  CARRIAGES 

PULLEYS  AND  FLY  WHEELS 


FALLS  CLUTCH  and  MACHINERY  CO. 

CUYAHOGA  FALLS,   OHIO,  U.  S.  A. 

New  York  City,  206  Fulton  St.     Boston,  54  Purchase  St.    Cincinnati,  208  Elm  St. 


Friction  Clutch  Pulleys 
and  Couplings 


THE  A.  &,  F.  BROWN  CO. 

ENGINEERS,     FOUNDERS,     MACHINISTS 
AND     MILLWRIGHTS 

POWER     TRANSMISSION 
MACHINERY 

DESIGNED,    FURNISHED   AND    ERECTED 

SPECIAL     MACHINERY 

IRON     CASTINGS 


WORKSi 


ELIZABETHPORT 
NEW  JERSEY 


Gears  of  all  kinds 
and  sizes 

SALES    ROOMj   172    FULTON   ST., 
NEW  YORK  CITY 
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ALLIANCE  CRANES  AUTypes 

Also  Rolling 
Mill  and 
H  y  d  ra  u  1 1  c 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Conv^erting  Machinery,  etc. 


THE  ALLIANCE  MACHINE  CO.  alliance,  ohto 

Pittsburg  Office,  Frlck  Building  Birmingham  Office,  Woodward  Building 


COMPLETE      FOUNDRY      EQUIPMENT 

For  Grey  Iron,  Brass,  Car  Wheel,  Pipe,  Steel  &  Malleable 
Casting  Plants.     Buildings  designed  and   furnished. 
Equipment  installed.     Initial    operation    con- 
ducted by  our  experts  at  moderate  charge. 
All  types  of  C  R  A  N  E  S    for  every  service 


Practical  designs 
Reliable  construction 


iVi!lhdKMr*l 


FQUNDRYEQUIPMENTCQ 

HARVEY- ILL.  U.S.  A. 


Catalogs  and  full  in- 
formation on  request 


Elevators 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 

No.  Price 

820    Elevator,  C.   R.  Pratt $0.50 

940    Elevator  Safeties,  C.  R.  Pratt 10 

981    Test  of  a  Hydraulic  Elevator  System,  R.  P.  Bolton 10 

1128    Test  of  a  Plunge  Elevator  Plant,  A.  J.  Herschmann 30 

1161    A  High-Speed  Elevator,  C.  R.  Pratt 40 

1300    Operating  Conditions  of  Passenger  Elevators,  R.  P.  Bolton .10 

$1.50 

Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 


CLYDE  Hoisting  Engines 

have  steel  gears  and  ratchets.   Shafting  is 
extra  heavy  with  long  bearings.    Connect- 
ing rods  have  solid  ends.     Boilers 
have  large  heating  surface. 

Lirie  stocks  oa  h»nd— Ask  for  catalogue. 

^  CLYDE  IRON  WORKS,   duluth,  minn. 


CHICAGO,  ILL.  NEW   YORK 

318-19  Fisher  BIdg.         NEW  ORLEANS 


SAVANNAH 
HOUSTON 
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Simplex  not  Duplex 
"To  be  simple 
is  to  be  great" 


Steam  and  Power  Pumping  Machinery 

For  every  service 

American  Compound  Pumps  work- 
ing on  Elevator  or  Water  Works 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable 
and  ready  to  work  with  the 
Governor. 


Compound  Packed  Plunger  Pump. 


Our  No.  18  Catalogue  goes  into  detail*. 


American  Steam  Pump  Company, 


Battle  Creeic,  Mich. 
U.  S.  A. 


For  the  Convenience  of  Engineers 

and  others  who  have  to  figure  pumping  equipments,   we  have  collected   all   the 
practical  information,  tables,  etc.,  required. 

This  has  been  published  in  the  form  of  a  bulletin  which  will  be  gladly  sent 
on  request. 

Ask  for  Bulletin  112 


SENECA  FALLS,  N.  Y. 


'TIM  IE    (Q 

78  W^.  FALL  STREET 


Branches  in  All  Important  Cities 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all  Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &HUBBELL,  Agents,  6 1-69  N.Jefferson 

Street,  Cbicago,  111, 

H.  A.  PAINE,  Agent,  Houston,  Tex. 

New  York  Office,  139-41  Cortlandt  Street 

^■BHgjgi^^ 

THE  VENTURI  METER 

FOR  BOILER  FEED 
TELLS  AT  A  GLANCE 
PREVIOUS  RATES  of  feeding  on  a  12"  circular  chart. 
TOTAL  POUNDS  of  water  evaporated. 
PRESENT  RATE  of  feeding. 

BUILDERS   IRON   FOUNDRY 

Providence,  R.  I. 
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INDIVIDUAL  SANITARY  WASH  BOWLS 


Arraugcd  In  Single ur  Double 
Batteries,  of  Practically. \ny 
Number  of  Bowls: — 

Hot  and  Cold  or  Cold  Water 
Only.  Plain  Nozzle,  Self- 
Closing  or  Compression 
Bibbs:— 

Plain  Cast  Iron,  Galvanized 
Iron  or  Vitrified  Porcelain 
Enameled  Iron  Bowls. 


Send  for  complete  catalog  of  our  full  line  of  all  metal  Shop  and  Factory 
Equipment,  Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved 
Stools,  Work  Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 

WANUPACTURINO     EQUIPMENT  &   ENOINEERINO   COMPANY.     BOSTON,    MASS. 


I  9; 


mum 


STANDARD  ROLLER 
THRUST     BEARINGS 

are  operating  successfully 
under  a  load  of  2,250,000 
pounds  at  100  R.  P.  M. 
Also  extensively  used  in 
hydro-electric    plants 

Send    for     literature 

Standard  Roller  Bearing  Co. 

Philadelphia,  Pa. 


MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


OLDEST  ON 
THE  MARKET 


Trade 


\C /Mark 


REGISTERED 


STILL  LEADS 
THE  FIELD 


If  you  want  taps  that  make  tapping  easy  and  always  do  accurate 
and  economical  work,  you  should  get 

CARPENTER'S  MACHINE  SCREW  TAPS 

They  are  of  A-1  Quality.    Guaranteed  for  accuracy  and  durability — by  maier  and  dealer. 

J.  M.  CARPENTER  TAP   AND   DIE  CO.,  Pawtucket,  R.  I. 
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WE   SPECIALIZE 

We  concentrate  our  entire  attention  on  valves  and  hy- 
drants and  do  not  have  a  line  of  miscellaneous  sundries 
such  as  fittings,  boiler  trimmings,  etc.,  to  divide  our 
interests.     Thus  we  can  give  valves  particular  attention. 

The  result  of  this  concentrated  efifort  is  shown  in  Ken- 
nedy Valves — it  shows  in  their  design,  workmanship 
and  finish. 

THE  KENNEDY  VALVE  MFG.  CO. 

Main  Office  and  Works.   1028  E.  Water  St..  ELMIRA.  N.  Y. 
Branch  Office  and  Warehouse.  45  Beekman  St..  NEW  YORK.  CITY. 
Agencies,  666  Western  Union  Bid?.,  Chicago,  111. 

600  Bessemer  Bldg.,  PlUsburg,  Pa. 

262  Market  St.,  San  Francisco,  Cal. 


Massachusetts    Standard    Quality 

BOILERS 

Return  Tubular  Internally  Fired  Upright  and  Water  Tube 

PLATE  WORK  OF  EVERY  DESCRIPTION 

ROBB  ENGINEERING  CO.  Ltd. 

Waverly  St.,  South  Framingham,  Mass. 


SCOTCH  BOILERS 

DRY  AND   WATER   BACK 

THE 

KINGSFORD 

WATER  TUBE  BOILER 

KINGSFORD  FOUNDRY  &  MACHINE  WORKS 
OSWEGO,  N.  Y. 


^/^RITE    for  a  copy  of  our 
booklet    entitled    'The 
Modern  High  Speed  Automatic 
Engine,"  which  describes 

The  American    Ball  Angle 
Compound  Engine 

AMERICAN    ENGINE    COMPANY 

42  RARITAN  AVE.,        BOUND  BROOK  N.  J. 
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New  York  Boston 


Phila. 


Keeler  Cross 
Boiler 


D 


rum 


All  wrought  Stctl  C  uiislructioii 
Dc'sisinccl    for   limited    ceiling  space 
or  restricted  openings. 

Shipped  "knocked  down." 

Ask  for  New  Catalog 

Established   1S64 

E.  Keeler  Co.,      Williamsport,  Pa. 

Pittsburg  Chicago  Dallas 


THE  BABCOCK  &  WILCOX  COMPANY 

85  UBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works:   BARBERTON,  OHIO     BAYONNE,  N.  J. 


BOSTON.  35  Federal  St. 

PrrrSBURGH.  Farmers  Deposit  Bank  Bldg 

SALT  L,\KJ;  CITY,  313  Atlas  Block 

CLEVELAND,  New  England  Bldg. 

LOS  ANGELES.  An 


BRANIH    OFFICES 
PHILADELPHIA,  North  American  Bldg. 
NEW  ORLEANS,  Shubert  Arcade. 
CHICAGO,  Marquette  Bldg, 
PORTLAND,  ORE.,  Wells-Fargo  Bldg. 
SEATTLE,  Mutual  Life  Bldg. 


SAN  FRANCISCO.  99  First  Stieat 
DENVER,  435  Seventeenth  Stieet 
ATLANTA,  Candler  Bldg. 
HAVANA,  CUBA,  I16J  Calle  do  la  HahaM 
CINCINNATI,  Traction  Bldg 


NEW  TYPES  OF  BRISTOL'S  CLASS 
I    RECORDING    THERMOMETERS 

are  illustrated  and  listed  in  new  24-page  Catalog 
No.  1100  which  is  just  off  the  press. 

New  48-page  Catalog  No.  1200  on  Bristol's 
Class  II  Recording  Thermometers,  also  just 
printed. 

Write  for  Catalogs   No.   1100  and  No.   1200. 
THE    BRISTOL    CO.,  WATERBURY,    CONN. 


Jenkins  '96    Packing    Forms    a 
Perfect  and  Lasting  Flange  Joint 

It  is  made  of  high  grade  rubber  composition,  soft  and  flexible 
enough  to  readily  fill  up  any  roughness  or  unevenness  of  surfaces. 

When  steam  is  turned  on  it  vulcanizes  in  place  without  losing  any 
of  its  strength  or  toughness,  and  thus  makes  a  tight  and  permanent 
joint.     It  is  light  in  weight,  and  consequently  low  in  price. 

Give  it  a  trial  in  one  of  the  severe  places.     It  is  guaranteed. 
JENKINS   BROS.,      NEWYORK      boston      PHILADELPHIA      CHICAGO 
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ENGINEERING  SCHOOLS  and  COLLEGES 


NEW  YORK  UNIVERSITY 
SCHOOL   OF   APPLIED   SCIENCE 

Dkpaktments  of  Civil,  Mechanical  and  Chem- 
ical Engineering. 

For  announcements  or  information,  address 

Charles  Henrt  Snow,  Dean, 

UNIVERSITY  HEIGHTS,  N.  Y.  CITY. 


TUFTS  COLLEGE 

Department  of  Enqineehino.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

PRor.   G.   C.   Anthony,   Dear,., 

TUFTS  COLLEGE  P.  O.,  MASS. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 

Course  in  Mechanical  Engineering, 
Evening  Post-Graduate  Courses.  Fred.  W. 
Atkinson,  Ph.  D.,  President;  W.  D.  Ennis, 
Member  A.  S.  M.  E.,  Professor  Mechanical 
Engineering. 


THE  RENSSELAER 
POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees.  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO. 


BERT  L.  BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 

Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,  Plants  and  Equip- 
ments of  same. 

Perin  Building,  CINCINNATI,  OHIO 


F.  W.  Dean      H.  M.  Haven      Wm.  W.  Crosby 
Members  A.  S.  M.  E. 

F.  W.  DEAN,  INC. 

Mill  Engineers  and  Architects, 

Exchange  Building,  53  State  St., 

BOSTON,  MASS, 


ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests    of    Electrical    Machinery,    Apparatus 
and  Supplies.    Materials  of  Construction,  Coal, 
Paper,  etc.     Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
80th  Street  and  East  End  Avenue. 

NEW    YORK   CITY. 


FORD,  BACON  &  DAVIS 

Engineers 


115  Broadway 
NEW  YORK 


New  Orleans 


San  Franoisoo 


CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect 

201   Devonshire  Street,  BOSTON.   MASS. 


J.  WM.  PETERSON 

Lubrication  Engineer 

Specialty:    Plans,   Specifications   and   Superin- 
tendence of   Power   Plant  Oiling  Syttems 
and  General  Machinery  Lubrication 


50  Church  Street 


NEW  YORK  CITY 
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MACHINE    SHOP    EQUIPMENT 


MACHINE    SHOP   EQUIPMENT 


THE  ALLEN  MFG.  CO.  Inc. 

HARTFORD,  CONN. 

Allen  Patent  Safety  Set  Screws.  Made  from  high-test  steel  bars  and 
warranted  fully  as  strong  as  the  best  projecting  screw  made,  besides  elimi- 
nating danger  on  rotating  shafts.     Ask  your  dealer  for  them. 


BUTTERFIELD  &  CO. 

Derby  Line,  Vt.       New  York,  126  Chambers  St.     Rock  Island,  P.  Q. 

Manufacturers  of  Taps,  Dies,  Screw  Plates,  Stocks  and  Dies,  Tap 
Wrenches,  and  all  Thread  Cutting  Tools.  Our  goods  are  not  surpassed  by 
anv  in  the  world. 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpe.st,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
tluots  include:  Grinding  Wheels  for  every  possible  grinding  need.  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Ciirliorundum  Grains  and  Powders,  and  Garnet  Paper. 


THE  J.  M.  CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.  I. 
Carpenter's  Tools  for  cutting  Screw  Threads,   Taps,    Dies,   Screw 
Plates,  Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the 
market  and  38  years  in  the  lead. 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
(■all.\-  correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the  fastest 
machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


THE  GARVIN  MACHINE  COMPANY 

137  Varick  St.  NEW  YORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cutter 
Grinders,  Automatic  Chucks,  etc. 


THE  HEALD  MACHINE  COMPANY 

W^ORCESTER,  MASS. 


Manufacturers   of  Grinding  Machines. 
Grinders,  Surface  Grinders,  Drill  Grinders. 
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Internal  Grinders,   Cylinder 


SAFETY 

SET  SCREWS 


TAPS 

AND 

DIES 


CARBO- 
RUNDUM 
PRODUCTS. 


TAPS 

AND 

DIES 


GEAR 
SHARERS 


MILLING 
MACHINES 


GRINDING 
MACHINES 


Machine  shop  equipment 


AIR 
COM- 
PRESSORS 

AIR  TOOLS 
AND    HOISTS 


TURRET 
LATHES 


HEAVY    DUTY 

BORING 

MILLS 


LATHES 

MILLING 
MACHINES 


MACHINE 
TOOLS 

ENGINEER- 
ING 
SPECIALTIES 


METAL   SHOP 
AND 

FACTORY 
EQUIPMENT 


PINIONS 

AND 

GEARS 


PAPERS 

ON 

MACHINE 

SHOP 

PRACTICE 


INGERSOLL-RAND  COMPANY 

11  Broadway  NEW  YORK 

Air  Compressors,  twenty  standard  types,  capacity  S  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  j  to  5  tons. 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 

Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Turning 
Machines,  42"  to  84",  inclusive. 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines.  They 
are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool. 
It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MANNING,  MAXWELL  &  MOORE,  Inc. 

SINGER  BUILDING,  NEW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world  and  carry  in  stock  the  j^roduct  of  the  foremost  designers  of  the  many 
branches  of  niuchine  tool  building  in  the  United  States. 


MANUFACTURING  EQUIPMENT  &  ENGINEERING  CO. 
BOSTON,  MASS. 
We  manufacture  a  full  line  of  all  metal  Shop  and  Factory  Equipment, 
Sanitary  \\'a>h  Bowls,  Improved  Soda  Kettles,  Improved  Stools,  Work 
Benches,  Stock  Racks,  Sanitary  Drinking  Foimtains,  etc. 


THE  NEW  PROCESS  RAW  HIDE  CO. 

SYRACUSE,  N.  Y. 

Manufactm-ers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1230.  Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth,  price  $0.50;  No. 
1313.  Milling  Cutters  and  their  Efficiency:  A.  L.  DeLeeuw,  price  $0.30;  No.  1083. 
Belt  Creep:  W.  W.  Bird,  price  $0.10;  No.  1291.  Symposium  on  High  Speed  Tools:  H.  I. 
Brackenbury,  and  Discussion,  price  $0.70. 
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MACHINE    SHOP    EQUIPMENT 


WALJ  HAM  MAC  HINE  WORKS 

WALTHAM,  MASS. 

Our  Bencli  [.:ithes  swing  8",  will  take  S"  rod  through  the  cliiick  and  the  workinaiiHliij) 
is  of  the  l\iehi'st  watch  maohino  standard.  It  is  a  neoessity  in  tho  niodorn  tool  room.  Cata- 
loj;  for  tliosc  intcre>tei_l.    .\lso  niakors  of  -Vutoniatic  Precision  Bench  Machinery. 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 

BK.\NCH  OFFICES:  NEW  YORK  CHICAGO  DETROIT 

We  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  producing  work  accu- 
rately, rapidly  and  economically.  Our  catalog,  which  describes  these  machines  fully,  will 
be  mailed  on  request. 


WELLS  BROTHERS  COMPANY 

GREENFIELD,  MASS. 

We  make  and  t^ell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting 
Tools  and  Machinery. 


PRECISION 

BENCH 

LATHES 


TURRET 
LATHES 


TAPS  AND 
DIES 


FOUNDRY    EQUIPMENT 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


"Crown"  Sand  Rammers,  floor  and  bench  types;  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  |  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  8  to  8000  c\i.  ft.  per  minute. 


MUMFORD  MOLDING  MACHINE  CO. 

30  Church  St.,  New  York  2014  Fisher  Bldg.,  Chicago,  111. 

Plain  Power  Squeezing  Machines  Split  Pattern  Vibrator  Machines 

Jolt  Ramming  Machines  Pneumatic  Vibrators 


Pier  45  North 


J.  W.  PAXSON  CO. 

PHILADELPHIA,  PA. 


Manufacturers  and  engineers.  Complete  Foundry  Equipment.  Cu- 
polas, Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Systems.  Foundry 
Buildings  designed,  Foundry  Sand,  etc. 


WHITING  FOUNDRY  EQUIPMENT  CO. 

HARVEY,  ILL. 

Manufacturers,  Engineers  and  Designers  of  complete  equipment  for  grey  iron,  brass, 
car  wheel,  pipe,  steel  and  malleable  foundry  plants,  and  Cranes  of  all  kinds  for  every 
service.     Buildings  designed  and  furnished;  equipment  installed  and  operated. 


SAND 
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BLOWERS,    FANS,   DRYERS,   ETC. 


BLOWERS,   FANS,   DRYERS,   ETC. 


BLOWERS 

GAS 
EXHAUSTERS 

PUMPS 


DRYERS 


FANS 

BLOWERS 

ECONOMIZ- 
ERS 

ENGINES 


P.  H.  &  F.  M.  ROOTS  CO. 

CONNERSVILLE,  IND. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for  varuum 
cleaning,  for  laundries,  for  blac'ksniidis.  Positive  Rotary-  Pumps.  Positive  Pressure  Gas 
KxJiaustcTS.     High  Pressure  Cias  Pumps.     Flexible  Couplings. 


RUGGLES-COLES  ENGINEERING  CO. 

McCoRMicK  Bldg.,  CHICx\GO  Hudson  Terminal,  NEW  YORK 

Dryers.    Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


B.  F.  STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to   force  or  exhaust   air  under  all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.  Consulting  representatives  in  or  near  your  city. 


ROLLING    MILL    MACHINERY 


ENGINES 

ROLLING 

MILL 

MACHINERY 


STEAM 
HYDRAULIC 
FORGING 
PRESSES 


PAPERS 

ON 

ROLLING 

MILL 

MACHINERY 


MACKINTOSH  HEMPHILL  &  CO. 

PITTSBURGH,  PA. 

Engines,  single  and  compound,  corliss  reversing  anil  blowing.  Roll- 
ing Mill  and  Hydraulic  Machinery  of  all  kinds.  Shears,  Punches,  Saws, 
Coping  Machines. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufactiu-ers  of  High-Speed  Steam  HyclrauHc  Forging  Presses. 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Pressing. 
100  to  12,000  tons  capacity. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  SOS.  Some  Landniark.s  in  the  History  of  the  Rolling  Mill:  C.  H.  Morgan,  price 
$0.20;  No.  1319.  Pressure  Recording  Indicator  for  Punching  Machinery:  C.C.Anthony, 
price  fO.lO;  No.  1322.  Power  Forging,  with  special  Reference  to  Steam  Hydraulic  Forging 
Presses:  B.  Gerdau  and  G.  jMesta,  price  $0.10. 
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PUMPS     AND     HYDRAULIC     TURBINES 


PUMPS  AND   HYDRAULIC  TURBINES 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCOxXSIN 

Builders  of  Reaction  and  Impulse  Turbines,  in  capacities  up  to  20,000 
II. P  Higl-  Duty  Punipino;  Engines,  Centrifugal  Pumps,  Single  and  Multi- 
stage; Screw  Pumps,  Elevator  Pumps,  Cleared  Pumps,  Mine  Pumps  and 
I'^lectrically  Driven  Pumps.    Hydraulic  Transmission  Pumping  Machinery. 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  designed  for  efficient  and  reliable  service,  whicli,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
expenses.      Literature  upon  reciiiest. 


M.  T.  DAVIDSON  CO. 

43-53  Keap  St.,  BROOKLYN,  N.  Y. 
New  York:  154  Nassau  St.  Boston:  30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.    Surface  and  Jet  Con- 
densers. 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  municipal 
water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed  pumps, 
chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and  hand  pumps 
iif  everv  kind. 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  ^^'heel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


J.  &  W.  JOLLY,  Inc. 

HOLYOKE,  MASS. 

McCormick  Holyoke  Turbines  designed  to  suit  Mill  or  Hydro-Electric 
Work.  Paper  Mill  Machinery,  Shafting,  Gearing,  Pulleys  and  Freight 
Elevators. 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Marine  Engines. 
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ON 

STEAM 

ENGINES 

AND  BOILERS 


ALMY  WATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river 
steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey 
Boilers  for  steamships  and  for  all  kinds  of  stationarj-  work. 


AMERICAN  ENGINE  CO. 

42  Raritan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American  Ball  Angle  Compound  Engines.  Angle  com- 
pound, SO  to  1,000  h.  p.;  double  angle  compound,  KiO  to  2,000  h.  p.;  four 
cylinder  triple,  120  to  1,600  h.  p. 


THE  BABCOCK  &  WILCOX  COMPANY 

85  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with  non- 
detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.   Buckeye  Fom-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  50  to  6000  h.  p. 


ERIE  CITY  IRON  WORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable,  vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City 
"Lentz,"  four  valve,  enclosed  high  speed,  automatic,  center  crank,  side  crank,  portable  and 
Feed-Water  Heaters  from  25  to  600  h.p. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1081.  Counter  Weights  for  Large  Engines:  D.  S.  Jacobus,  price  $0.20;  No.  1329. 
Strain  jNfeasurements  of  Some  Steam  Boilers  under  Hydrostatic  Pressure:  J.E.Howard, 
price  S0.30;  No.  1298.  Combustion  and  Boiler  Efficiency:  E.  A.  Uehling,  price  $0.30;  No. 
1308.    Oil  Fuel  for  Steam  Boilers:  B.  H.  T.  Collins,  price  $0.20. 
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STEAM    ENGINES   AND    BOILERS 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 

HARRISBURCi,  PA. 

Maiuifacturers  of  Flcming-Harrisburg  Horizontal  Eiigiiu's,  Corliss  and 
Single  \'alvi>,  Simple,  Tandem  and  Cross  C\)mpoim(l. 


HE\YES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 

Makers  of  improved  Patent,  Double  Port  Corliss  Engines,  Heavy  Duty 
or  Ciirdcr  Frame,  Simple  or  Com[)ound,  having  our  new  Franklin  High- 
s{)eed  Liberating  \'alve  Gear. 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO 

Manufacturers  of  Hamilton  CorlLss  Engines.  Hamilton  High  Speed 
Corliss   Engines,   High  Duty  Pumping  Engines,  Powtr  Pumps  and  Com 
pressors,  Special  Heavy  Castings. 


E.  KEELER  COMPANY 

WILLIAMSPORT,  PA. 

Water  Tube,  Internal  Furnace  and  Return  Tubular  Boilers.     Self- 
Supporting  Stacks,  Feed  Water  Heaters. 


KINGSFORD  FOUNDRY^  &  MACHINE  WORKS 

OSWEGO,  NEW  YORK 
Scotch  Boilers,  Dry  and  Waterback;  also  Imjiroved  Manning  Vertical 
Boilers,  and  Special  Boilers  for  Steam  Heating. 


MESTA  MACHINE   CO. 

PITTSBURGH,  PA. 

Complete  Power  Plant  Equipment;  Gas  and  Steam  Engines;  Con- 
densers; Air  Compressors;  Power  Transmission  Machinery. 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 

Rice  &  Sargent  Corliss  Engines,  Improved  Greene  Engines  and  Repair 
Parts,  Special  Machinery. 


RIDGWAY  DYNAMO  &  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  Engines;  four-valve,  cross  compound,  belted,  single-vaive, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 
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STEAM    ENGINES    AND    BOILERS 


BOILERS 


ENGINES 
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TING 
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TURBINES 

ENGINES 

GAS 
PRODUCERS 

CONDENS- 
ERS 

STOKERS 


ROBB  ENGINEERING  CO.,   LTD. 

Waverly  St.,  SOUTH  FR  AM  INGHAM,  MASS. 

131   state  St.,   BOSTON  90  West  St.,   NEW  YOKK 

Robb-Brady  Internally  Fired  Boiler,  \\'ater  Tube,  Return  Tubular, 
and  other  tj'pe-s  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


THE  VILTER  MFG.  CO. 

1070-1088  Clinton  St.  MILWAUKEE,  WIS. 

Established   1867 

Builders  of  Corli.ss  Engines,  CJirder  or  Heavy  Duty  Tyi)e  Bed  for  Belted  or  Direet- 
C'onnected  Service,  naediuni  or  IukIi  speed.     Ice  and  Refrigeration  Macliines. 


THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 

Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


OIL  AND    GAS    ENGINES  AND  GAS  PRODUCERS 


GAS 
ENGINES 


CRUDE-OIL 
ENGINES 


REFRIGERA- 
TING    AND 
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OIL  AND  GAS 
ENGINES 


PAPERS 

ON 

OIL  AND 

GAS  ENGINES 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Gas  Engines  to  operate  on  producer  gas,  natural  gas  or 
furnace  gas,  capacities  from  300  to  5000  B.H.P. 


ATLAS  ENGINE  WORKS 

INDIANAPOLIS,  IND. 

Manufacturers  of  Diesel  Type  of  Crude-Oil  Engines.     Built  in  2  and 
3  cylinder  units  300  and  450  B.  H.  P.  and  multiples  thereof. 


DE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity; 
Oil  Engines  up  to  360  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No  1336.  Symposium  on  Oil  Engines:  H.  R.  Setz  and  F.  M.  Towl,  Discussion,  price 
$0.50;  No.  1337.  Design  Constants  for  Small  Gasolene  Engines:  W.  D.  Ennis,  price  $0.10; 
No.  S41X.  A  Regenerator  Cycle  for  Gas  Engines  Using  Snbadiabatic  Expansion:  A.  J. 
Frith,  price  $0.90;  No.  1238.    Marine  Producer  Gas  Power:  C.  L.  Straub,  price  $0.20. 
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GAS    ENGINES    AND    GAS    PRODUCERS 


AUGUST  AIIETZ  IRON  FOUNDRY  &  MACHINE  WOKKS 
123  Mori'  St.,  NE\N'  YORK 

Oil  Engines,  Marine  and  Stationary,  2-400  li.p.,  150,000  h.p.  in  opera- 
tion.  Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 


load  for  ten  consecutive  hours  on  one  charge  of  fuel ;  will  develop  a  B.  H . 
houi  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


THE  SMITH  GAS  POWER  CO. 

LEXINGTON,  OHIO 

Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure 
types.  Mechanically  Operated  Gas  Producers  in  large  units  for  power  and 
heating  plants.     Tar  Extractors  and  Gas  Cleaning  Plants. 
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PRODUCERS 


GAS 
PRODUCERS 


POWER    PLANT  AUXILIARIES    AND    SPECIALTIES 


AMERICAN  BALANCE  VALYE  CO. 

JERSEY  SHORE,  PENNA. 

We  make  Balanced  Slide  and  Piston  Valves  for  Manufacturers  of 
Steam  Engines,  also  for  Old  Power  Equipment,  from  Steam  Pumps  to 
Battleships.     Write  us. 


AMERICAN   STEAM   GAUGE  AND   VALVE  MFG.  CO. 
BOSTON,  MASS.  Established  1851 

Pressure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive 
use.     The  American  Thompson  Improved  Indicator  with  new  improved  detent  motion. 


BOSTON 


THE  ASHTON  VALVE  CO. 

NEW  YORK 


CHICAGO 


Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  \'alves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  anti 
guaranteed  to  give  gi-eatest  efficiency,  durability  and  perfect  satisfaction. 


w. 

N. 

BEST 

11 

Broadway 

NEW 

YORK  CITY 

Apparatus 

for  and  technica 

information  relat 

ve  to  all  forms 

of  liquid 

fue 

equipment 

VALVES 

SLIDE  AND 
PISTON 
DISTRIBU- 
TION 


VALVES 
GAUGES 
INDICATORS 


VALVES 
GAUGES 


OIL   AND  TAR 
BURNERS 

FURNACES 


31 


POWER    PLANT  AUXILIARIES  AND  SPECIALTIES 


RECORDING 
GAUGES 
AND 

INSTRU- 
MENTS 


THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  Recording  Pressure  and  Vacuum  Gauges.    Bristol's  Recording  Thermometers 

Wt^i      fj_     Bristol    Electric    P\TOmeters.        Rri«tnl'«    Rppnrdinir    Vnltmptprs      Ammpt.pr<^ 


The   Will 

and  Wattnieters.     Bristf 
and  Bristol's  Patent  IStci 


Bristol's  Recording  Voltmeters,   Ammeters 
Recording  Water  Level  Gauges.     Bristol's  Time  Recorders 
Belt  Lacing. 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

VALVES  BOSTON       NEW   YORK        ST.   LOUIS       PITTSBURGH       CHICAGO       PHILADELPHIA        SAN  FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.     Sluice  Gates. 
Send  for  catalogue. 


STEAM 
APPLIANCES 


( ROSBY  stea:m  ga(;e  and  valve  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators;  Htationary,  Marine,  Locomotive  Safety  Valves; 
Gages  for  all  purposes;  Recording  Instruments;  Ciiinie  Whistler;  Sight  Feed  Lubricators; 
Globe  and  Angle  \'alves.  Iron  and  Brass,  for  high  pressures;  Blow-off  Valves:  Gage  Testing 
Instruments;   Boiler  Testing  Instruments;   Planimeters  and  other  specialties. 


AIR 

COMPRESS- 
ORS 

PNEUMATIC 

BOILER 

SCALERS 


THOS.  H.  DALLETT  CO. 

York  and  23rd  Sts.  PHILADELPHIA,  PA. 

Manufacturers  of  a  complete  lino  of  Air  Compressors,  suitable  for  high-class  instal- 
lations. Equipped  with  special  "Silent"  inlet  and  discharge  valves.  Also  Pneumatic 
Boiler  Scalers  for  cleaning  boiler  sheets,  drums,  condensers,  etc.      Send  for  literature. 


BALANCED 

DRAFT 

SYSTEM 

McLean  pat- 
ents 


THE  ENGINEER  COMPANY 

50  Church  St.  NEW  YORK,  N.  Y. 

"Economy"  and  "Increased  Capacity"  obtained  by  the  Upbuilding  of 
Furnace  Efficiency  when  operating  with  the  Balanced  Draft  System. 
(Trade  Marli  "Balanced"  Reg.  U.  S.  Pat.  Office.) 


lubrication 
pumps 


HILLS  McCANNA  COMPANY 

153  W.  KiNziE  St.  CHICAGO.  ILL. 

Force  Feed  Lubrication  Pumps  made   in   any   number   of  Feeds   or 
Comi)artments. 


VALVtS 


PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Works:  HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1288.  Improved  Absorption  Dynamometer:  C.  M.  Garland,  price  $0.10;  No.  1287. 
Experimental  Analysis  of  a  Friction  Clutch  Coupling:  W.  T.  Magruder,  price  $0.20;  No. 
S43X.  Automatic  Control  of  Condensing  Water:  B.  Viola,  price  $0.10;  No.  S  26  X. 
Air  Leakage  in  Steam  Condensers:  T.  C.  McBride,  price  $0.20. 
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POWER    PLANT  AUXILIARIES  AND  SPECIALTIES 


THE  HUGHSON   STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufai'turers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 
The  bet^t  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Hesulators, 'Separators',  Steam  Traps,  Automatic  Stop  and  Cheek  Valves.  Write 
for  coinplele  catalogue. 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacit.N'  }■>  to  o  tons. 


JENKINS  BROS. 

NEW  YORK  BOSTON  PHILADELPHIA  CHICAGO 

JMaiuifacturers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 
Jenkins  '96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing. 
Sole  agents  for  Sellers"  Restarting  Injector.    Catalog  mailed  on  request. 


ROBERT  A.  KEASBEY  CO. 


100  X.  MuoKE  St. 


NEW  YORK  CITY 


Telephone:    6097  Franklih 


Heat  and  Cold  Insulating  Materials.    Headquarters  for  85%  Magnesia 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


THE  KENNEDY  VALVE  MANUFACTURING  CO. 

ELMIRA,  N.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hy- 
drants; Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


THE  LUDLOW  VALVE  MFG.  CO. 

TROY,  N.  Y. 
Manufacturers   of  genuine   Ludlow   Gate   Valves   for   all   purposes. 
Special  Blow-off  Valves.     Check  Valves.     Foot  Valves.     Sluice  Gates. 
Indicator  Posts.     Fire  Hydrants. 


THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

Manufacturers  of  high-grade  engineering  specialties,  comprising  Brass  and  Iron 
Valves,  Whistles,  Cocks,  Gauges,  Injectors,  Lubricators,  Oil  Pumps,  Oil  and  Grease  Cups, 
etc.,  adapted  to  the  requirements  of  all  classes  of  machinery. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1236.  A  New  Transmission  Dynamometer:  W.  H.  Kenerson,  price  $0.10;  No.  1106. 
A  Low-Resistance  Thermo-Electric  Pyrometer  and  Compensator:  W.  H.  Bristol,  price 
80.30;  No.  1061.  The  Bursting  of  Four-foot  Fly-wheels:  C.  H.  Benjamin,  price  .SO. 10;  No. 
S  30  Xa.    Efficiency  Tests  of  Lubricating  Oils:  F.  H.  Sibley,  price  $0.10 


VALVES 


STEAM 
TRAPS 


SEPARA- 
TORS 


REGULA- 
TORS 


AIR 

COMPRESS- 
ORS 

AIR  TOOLS 
AND   HOISTS 


VALVES 

PACKING 
DISCS 


MAGNESIA 
ASBESTOS 
AND 

BRINE   PIPE 
COVERINGS 


VALVES 


VALVES 

BLOW-OFF 
VALVES 

FIRE   HY- 
DRANTS 


VALVES 

INJECTORS 

LUBRICA- 
TORS 
ETC. 


PAPERS 

ON 

POWER 
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POWER    PLANT   AUXILIARIES    AND    SPECIALTIES 


VALVES 


MONAIK  H  VALVE 

&  MANT^FAC 

11 

KIX(i 

(  (). 

139    CORTLANDT   St. 

NEW  YORK 

SPRINC;  FIELD 

,  MASS. 

Manufacturers 

of  Bronze  and  Iron 

Bodied  Valves  fo 

•  various 

pressures 

and  purposes. 

STEAM 
TRAPS 


AUTOMATIC 
FURNACE 


MOREHEAD  MANUFACTURING  (  O. 

DETROIT,  MICH. 

Return,  Non-Return,  Vacuum  and  Condenser  Steam  Traps.  The  Morehead  Tilting 
Steam  Trap  is  tlie  original  design  of  tilliuo  trap,  having  been  on  the  market  for  a  quarter 
of  a  century.  For  reliable  and  satisfactory  .service  this  type  of  trap  recommends  itself. 
Illustrated  descriptive  catalog  sent  on  request. 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 

Founded  1878  Inc.  1904 

Builders  of  The  Murphy  Automatic  Furnace.     The  best  Automatic 
Furnace  that  thirty  years  practical  experience  can  produce. 


VALVES 


GOVERNORS 


NELSON  VALVE  COMPANY 

PHILADELPHIA 

Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature;  also 
Blow-off  Valves.     Catalogs  and  information  on  request. 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 

Governors   for   Steam    Engines,   Turbines,    Gas   Engines.     Mechanical 
Control  Pdwcr  Regulation. 

See  I'ln/i   111  of  ('(imlinsi  il  Ciitdlogues  of  Mechanical  Equipment. 


SEPARA- 
TORS 

FEED-WATER 
HEATERS 

SOFTENERS 


SUPER- 
HEATERS 


PAPERS 
ON 

POWER 
PLANTS 


POWER  PLANT  SPECIALTY  COMPANY 

62.5  MoxNADNocK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  V'ater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  \'atpr  Open  Feed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,  Pressiu'e  and  Ciravity  Filters.     Correspondence  solicited. 


POWER 

SPECIALTY 

CO. 

Ill 

Broadway 

NEW 

YORK 

The  Foster 

Patent 

Superheater, 

saves  feed  v 

I'ater, 

condensing 

water. 

coa! 

and  boiler 

lower. 

PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  S  107  X.  The  1912  U.  S.  Standard  Schedule  of  Standard  Weight  and  E.xtra  Heavy 
Flanged  Fittings:  Corn-report,  price  .SO. 10;  Xo.  1297.  Transmission  of  Heat  in  Surface 
Condensation:  G.  A.  Orrok,  price  $0..50;  No.  12.59.  Cooling  Towers  for  Steam  and  Gas 
Power  Plants:  .1.  R.  Bibbins,  price  $0  40;  Xo.  1072.  Condensers  for  Steam  Turbines:  G.  I. 
Rockwood,  price  S0.20. 
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POWER    PLANT    AUXILIARIES    AND    SPECIALTIES 


WM. 

B. 

sc 

AIFK 

& 

SONS 

COMPANY 

221 

First  Ave., 

iTii'sm 

lUi,  I'A. 

WE-FU-GO 

;ui( 

.SCAIFE  W 

atei 

Softeiung,  PurifjMiif?  and 

Filter]  lit;; 

Sysf 

ems  for  boile 

r  food  w 

titer  and  all  industrial  and  domestic  purposes. 

SCHUTTE  &  KOERTING  CO. 


1247  N.  12th  St. 


PHILADELPHIA,  PA. 


Injector.s,  iSyplions,  Eductors,  Furnace  Bhnvcrs,  Exhausters,  Pump  Primers,  Con- 
densers, Spray  CoolinK  Nozzles;  \alves;  Small  Brass  and  Iron  Body,  Open  Hearth  Steel- 
Stop,  Stop  C'lieek,  Emerf;ene\-  Stop  (Mieck,  Trip,  Throttle  Trij),  Ermine  Stops,  Steam 
Traps,    I'eed    Water   Heaters,   ete. 


SHERWOOD  MANUFAC  TURING  CO. 

BUFFALO,  N.  Y. 

Twenty-five  years'  experience  manufacturing  the  Sherwood  Double  Tube  Injectors 
for  high  duty;  Buffalo  Automatic  Injectors;  also  makers  of  the  Hart  Force  Feed  Oil  Pump 
for  Steam  Engines;  Buffalo  Force  Feed  Multiple  Oil  Pumps  for  Gas  and  Gasoline  Engines; 
Oil  Cups,  etc.      Catalog  on  application. 


WATER 
SOFTENING 

PURIFYING 
AND 

FILTERING 
SYSTEMS 

INJECTORS 

CONDENS- 
ERS 

VALVES 

ENGINE 
STOPS 


INJECTORS 

AND 

OIL  PUMPS 


C.  J.  TAGLIABUE  MFG.  CO. 

396-398  BROADWAY  NEW  YORK,  N.  Y. 

Local  Sales  Offices  in  Chicago  and  Saij  Francisco 
Manufacturers  of  Instruments  for  Indicating,   Recording  and  Controlling  Tempera- 
ture and   Pressure.      Thermometers;   Automatic  Controllers;  Gages;  Oil  Testing  Instru- 
ments; Engineers'  Testing  Sets,  Pyrometers,  Barometers,  Hygrometers,  Hydrometers,  etc. 

See  our  Condensed  Ciitaloyue  in  April  191 1    tiumber  oj  The  Junrnal. 


INSTRU. 
MENTS 


THE  TEXAS  COMPANY 

NEW  YORK  HOUSTON 

Lubricating  Oils  for  Power  Plants,  Central  Stations,  Machine  Shops, 


Foundries  and  all  general  purposes, 
the  highest    quality. 


All  classes  of  Petroleum  Products  of 


WHEELER  CONDENSER  &  ENG.  CO. 

Main  Office  and  Wokk.s:   CARTERET,  N.  J. 

Surface,  .let  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative  Dry 
\'acuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


LUBRICAT- 
ING 
OILS 


CONDENS- 
ERS 

PUMPS 

COOLING 
TOWERS 


C.  H.  WHEELER  MFG. 

PHILADELPHIA,  PA. 


CO. 


NEW    YORK 


SAN    FRANCISCO 


Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed-Water  Heat  cr.s,  Water  Cooling  Towers,  Boiler  Feed  and  Pressin-e  Pumps. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1214.  Unnecessary  Losses  in  Firing  Fuel  Coal:  C.R.Weymouth,  price  $0.30;  No 
1213.  Fuel  Economy  Tests  at  a  Large  Oil  Burning  Electric  Plant:  C.  R.  Weymouth,  price 
$0.20,  No.  1165.  The  Rational  Utilization  of  Low  Grade  Fuels  in  Gas  Producers:  F.  E. 
Junge,  price  $0.40;  No.  1245.     Some  Properties  of  Steam:  R.  C.  H.  Heck,  price  $0.10. 


CONDENS- 
ERS 

COOLING 
TOWERS 
FEED-WATER 
HEATERS 


PAPERS 
ON 

POWER 
PLANTS 
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HOISTING    AND   CONVEYING    MACHINERY 


HOISTING   AND    CONVEYING    MACHINERY 


CRANES 

STEAM 
HAMMERS 

PUNCHES 

AND 

SHEARS 


HOISTING 
MACHINERY 


CONVEYORS 

ELEVATORS 

POWER 
TRANS- 
MISSION 


HOISTING 
ENGINES 
AND 
DERRICKS 


ELEVATORS 

FRICTION 
CLUTCHES 

PULLEYS 


CONVEYOR 
BELTS 


ELEVATING 

CONVEYING 

MINING 
MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,   Steam  Hammers,  Punches  and  .Shears,  Scale  Cars,  Copper- 
Converting  Machinery,  etc. 


THE  BROWN  HOISTING  MACHINERY  CO. 

New  York      Chicagi^       CLEVELAND,  O.       San  Francisco      Pittsburgh 

Designers  and  nianufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  aa 
heavy  Hoisting  Machinery  of  all  descriptions.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


H.  W.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.  Helicoid 
and  screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 
and  drives,  sjirocket  wheels  and  chain,  buckets,  belting,  shafting  and  bearings. 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 

Hoisting  Engines  and  Derricks.     AH  sizes  and  types  of  engines. 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight 
Elevators,  Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pullevs. 


THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 

Manufacturers  of  Goodrich  Conveyor  Belt.  The  Goodrich  "Longlife" 
"Maxecon"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  anv  other  belt  made. 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 
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HOISTING  AND  CONVEYING   MACHINERY 


lii)(.i:rw()()1)  mf(;.  ( o. 

'.Ki  LiHEKTY  St.  NKW  Y0R1\ 

Hoisting  Entjincs — sIcmih  ami  I'lcclric,  for  every  use  of  llii'  con!  r-ador,  niiiicr,  warc- 
houscinan,  railroad^.  filiiiiowiuTs,  o(c.  Derricks,  Derrick  Irons  and  Derrick  Hoists,  Cable- 
ways  for  lioislinK  ami  conveying,  Marine  Transfer  for  coal  and  cargo  litimllint;. 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for  every  purpose;  all  accessories;  Power 
'rransmission   Machinerv. 


:S1KAD-.M()RRIS()N  MANUFACTURING  CO. 

NEW  YORK  BOSTON  CHICAGO 

("oal-Handlint;  Machinery,  Hoisting  Engines,  complete  Discharging  and  Storage 
riants.  Cable  Kailwa^•s,  Marine  P^levators,  AlcCaslin  and  Harrison  Conveyors,  Steam, 
i;iectric.  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
I.oroniotr,  <■  Derricks,  Susix'nsion  Cahleways. 


THE  MORGAN  ENGINEERING  CO. 

ALLIANCE,  OHIO 

Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.  We 
also  design  and  build  Steel  Plants  complete,  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


THE  H.  J.  REEDY  CO. 

CINCINNATI,  O. 

Manufacturers  of  all  types  of  Passenger  and  Freight  Elevators. 


ROBINS  CONVEYING  BELT  COMPANY 

13  PARK  ROW,  NEW  YORK 

The  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of 
conveying  machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal  and 
•similar  materials  under  the  most  trying  conditions  of  service.    Correspondence  invited. 


JOHN  A. 

ROEBLING'S  SONS  COMPANY 

TRENTON,  N.  J. 

Manufacturers 

of  Iron,  Steel  and  Copi)er  Wire  Rope,  and  Wire  of 

every  descrijjtion. 

PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

Xo.  1235.  Automatic  Feeders  for  Handling  Material  in  Bulk:  C.  K.  Baldwin,  price 
SO. 10;  No.  1234.  A  Unique  Belt  Conveyor:  E.  C.  Soper,  price  $0.10;  No.  1300.  Operating 
Condition  of  Passenger  Elevators:  R.  P.  Bolton,  price  $0.20;  No.  1161.  A  Highspeed 
Elevator,  C.  R.  Pratt,  price  $0.40;  No.  S52X.  Mechanical  Handling  of  Freight:  S.  B. 
Fowler,  price  $0.20. 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFEaS 


ELEVATORS 

AND 

CONVEYORS 


ELEVATING 
AND 

CONVEYING 
MACHINERY 


CRANES 


ELEVATORS 


ROBINS 

BELT 

CONVEYORS 


WIRE   ROPE 


PAPERS 

ON 

HOISTING 

AND 

CONVEYING 

MACHINERY 


HOISTING  AND  CONVEYING    MACHINERY 


CRANES 

MONO-RAIL 
SYSTEMS 

CON- 
TROLLERS 


CRANES 
HOISTS 


ELEVATING 

CONVEYING 

POWER 
TRANS- 
MITTING 
MACHINERY 


CHAIN 
BLOCKS 

ELECTRIC 
HOISTS 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.     Rail- 
road Wrecking  Cranes.    Mono-Rail  Systems.     Electric  Motor  Controllers. 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 

TOLEDO,  OHIO 
Toledo  Cranes  and   Hoists;   Coal  and  Ore  Handling  Bridges;  Grab 
Bucket  Machinery;  Electric  and  Hand  Power  Cranes,  all  types,  any  capac- 
ity; Structural  Steel  for  Factory  Buildings. 


THE  WEBSTER  MEG  COMPANY 

(Successor  to  WEBSTER  M'F'G  CO.) 
TIFFIN,  OHIO  Eastorn  Branch:  88-90  Reade  St.,  NEW  YORK 

jNIanufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for  all 
purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for  manufac- 
turing give  us  large  advantages.  Belt  Conveyors  for  handling  cements,  ores,  sand,  gravel, 
etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings.  Chain  belting. 
Clearing. 


THE  YALE  &  TOWNE  MEG.  CO. 

9  Murray  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists.  The  Triplex  Block 
is  made  in  14  sizes,  with  a  lifting  capacity  of  from  I  to  20  tons;  Electric 
Hoist  in  10  sizes,  j  to  16  tons. 


AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


AIR 
COM- 
PRESSORS 

PNEUMATIC 
TOOLS 


AIR 
COM- 
PRESSORS 

TOOLS 

HOISTS  AND 

SAND 

RAMMERS 

PAPERS  ON 
AIR 
COM- 
PRESSORS 
AND 

PNEUMATIC 
TOOLS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 

Manufacturers  of  "Chicago  Pneumatic"  Air  Compressors  and  a  com- 
plete line  of  Pneumatic  Tools  and  Appliances. 


INGERSOLL-RAND  COMPANY 

11  Broadway  NEW  YORK 

Twenty  standard  Air  Compressor  types,  capacity  8  to  8000  cu.  ft.  per  minute;  "Crown" 
and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists,  j  to  5  tons 
capacity;  "Crown"  Sand  Ranuncrs,  floor  and  bench  type.'^. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1320.  Commercial  Application  of  the  Turbine  Turbo-Compressors:  R.  H.  Rice, 
price,  S0.30;  No.  830.  Compre.ssion  and  Liquidification  of  Gas:  A.  L.  Rice,  price  $0.10; 
No.  804.  A  Pneumatic  Despatch-tube  System  for  Rapid  Transportation  of  Mails  in  Cities: 
B.  C.  Batcheller,  price  $0.30;  No.  1295.  "The  Development  of  the  Air  Brake:  (Presidential 
Address)  G.  Westinghouse,  price  $0.20. 
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ELECTRICAL  APPARATUS 


ELECTRICAL   APPARATUS 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Ruildors  of  Electrical  Machinery  of  every  description;  Motors  and 
Generators  for  alternating  and  direct  current;  Rotary  Converters,  Trans- 
formers, Swit  chhoards. 


GENERAL  ELE(  TRIC  COMPANY 

SCHENECTADY,  N.  Y. 

Generators,  motors,  Curtis  steam  turbines,  switchboards,  transformers,  locomotives, 
lighting  equipments,  air  compressors,  electrically-  heated  devices  for  industrial  purposes. 
Largest  manufacturer  of  electrical  apparatus  in  the  world. 


WAGNER  ELECTRIC  MFG. 

ST.  LOUIS,  MO. 


COMPANY 


Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power  and 
Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  polyphase 
generators  and  motors  the  market  affords.  Manufacturers  of  the  most;  comprehensive  line 
of  switchboard  and  portable  instiuments  offered  to-day. 


WESTINGHOI^SE  ELECTRIC  &  MFG.  CO. 

PITTSBURG,  PA. 
Westinghouse  Electric   Motor  Drive.     Pumps,   compressors,   hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  driven  with  Westinghouse  Motors. 


MOTORS 
AND 

GENERA- 
TORS 


ELECTRIC 
DRIVE 


DYNAMOS 

MOTORS 

TRANS- 
FORMERS 

INSTRU- 
MENTS 


ELECTRIC 

MOTOR 

DRIVE 


POWER  TRANSMISSION 


THE  AMERICAN  PULLEY  CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light,  true 
and  amply  strong  for  double  belts.     120  stocks  carried  in  the  United  States. 


PULLEYS 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  X.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  (jf  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  126"  diameter,  '.i  to  40"  face,  and  fit  any  size  shaft  from  1 
to  85".     Let  us  send  you  our  booklet  illustrating  all  styles. 
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PULLEYS 


POWER    TRANSMISSION 


SHAFTING 

PULLEYS 

HANGERS 


FRICTION 
CLUTCHES 


POWER 
TRANS- 
MISSION 

ELEVATORS 

CONVEYORS 


POWER 
TRANS- 
(V^ISSION 
APPLIANCES 


STEEL 

BELT 
LACING 


POWER 
TRANS- 
MISSION 


PULLEYS 

PAPER 
FRICTION 
TRANS- 
MISSION 


POWER 
TRANS- 
MISSION 


THE 

A. 

& 

F. 

BROWN 

CO. 

172  Fulloii  St. 

NEW 

YORK 

Manufactui 

ers  of  SI 

laftiug, 

Pulley.s,  Haii^ery, 

etc-., 

foi 

Trail 

^nli.s.sion 

of  Power. 

THE  CARLYLE  JOHNSON  MACHINE  CO. 

MANCHESTER,  CONN. 

Send  for  our  Catalog,  and  Clutch  Booklet  entitled  "  Clutches  for  Use 
in  Machine  Building."  The  information  set  forth  therein  will  be  of  interest 
to  any  Builder  or  Designer  of  Machinery. 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 

Manufacturers   of   everything   for   the    Mechanical   Transmission   of 


Power;   also   Elevating   and    Conveying   Machinery,    and   the 
Water  Softener.     Send  for  general  catalog  C-10. 


"Eureka' 


FALLS  CLUTCH  &  MACHINERY  CO. 

CUYAHOGA  FALLS,  OHIO 

Friction  Clutch  Pulleys,  Couplings,  Quills,  Operators,  Clutch  Sheaves, 
Floor  Stands,  Heavy  Mill  Bearings,  Shaft  Couplings,  Sheaves  and  Tension 
Carriages,  Pulleys  and  Fly  Wheels. 


FLEXIBLE  STEEL  LACING  CO. 

542  W.  Jackson  Boulevard  CHICAGO,  ILL. 

Alligator  Steel  Belt  Lacing.  Adapted  for  use  on  leather,  rubber,  balata, 
cotton  or  canvas-stitched  belting  of  any  width  or  thickness.  A  perfect  flex- 
ible joint  and  separable  hinge  joint  that  works  satisfactorily  with  an  idler. 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 

Manufacturers  of  a  complete  hne  of  Power  Transmission  Machinery 
for  belt,  rope  or  gear  driving,  including  the  well  known  Hill  Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
Rockwood  Paper  Frictions  have  proven  their  imquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  hbrary. 


T.  B.  WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern   and   Approved   Appliances  for  the  transmission  of   Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 
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ENGINEERING  MISCELLANY 


ALUMINUM  COMPANY  OF  AMERICA 

PITTSBIRGH,  PA. 

Aluininuin  Ingot,  Sheet,  liod,  ^^'iI■e,  Cable,  Tubing  ;ind  other  form? 


AUBURN  BALL  BEARIN(i  COMPANY 

22  Elizabeth  St.  ROCHESTER,  N.  Y. 

Auburn   Four  Roint   Contact  Cone  Principle  Ball  Thrust   Bearings, 
Auburn  Steel,  Bra.s8  and  Bronze  Balls,  Solid  and  Hollow. 


BUILDERS  IRON  FOUNDRY 

PROVIDEXCE,  R.  I. 

Engineers,  Founders  and  Machinists 
Castings  of  Unusual -Size,  Weight  and  Strength.     Large  and  Accurate 
Machine  Work.     Grinding  and  Polishing  Machines. 


ROBERTS    FILTER    MFG.  CO.,  Inc. 

DARBY,  PHILADELPHIA,  PA. 

Designers  and  Builders  of  Water  Filters  of  both  the  Pressure  and 
Gravity  types,  of  any  capacity. 


ALUMINUM 


BALL 
BEARINGS 


CASTINGS 

MACHINE 
WORK 

GRINDING 
MACHINES 


WATER 
FILTERS 


STANDARD  ROLLER  BEARING  COMPANY 

oOth  St.  and  Lancaster  Ave.  PHILADELPHIA,  PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
j)urposes.     Steel,  Bronze  and  Brass  Balls. 


UNION  DRAWN  STEEL  CO. 

BEAVER  FALLS,  PA. 

Makers  of  Bright  Cold  Fiaished  Bessemer,  Open  Hearth  Crucible  and 
AUoy  Steels,  in  Rounds,  Flats,  Squares,  Hexagons  and  Special  Shapes. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1276.  Symposium  on  Electric  Driving  in  Machine  Shop:  A.  L.  DeLeeuw,  C.  Rob- 
bins,  J.  Riddell  and  discussion,  price  .SI. 10;  No.  1335.  Variable-speed  Power  Transmission; 
G.  H.  Barru.s  and  C.  M.  Menlv,  price  $0.10;  No.  S  47  X.  A  New  Theory  of  Belt  Driving; 
.'^.  Haar,  price  $0.20;  No.  1230.  Transmission  of  Power  by  Leather  Belting;  C.  G.  Barth, 
price  SO  .50. 
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Profitable  Publications  for  the  Manufacturer 


Shop  Management 

By  FREDERICK  W.  TAYLOR,  M.  E.,  Sc.D. 

6x9  inches.        Printed  on  heavy  paper;  144  pages  and  folder.        Cloth,  $1.50. 

The  chief  object  of  the  author  is  to  advocate  the  accurate  study  of  "How  long 
it  takes  to  do  work,"  or  scientific  time  study,  as  the  foundation  of  the  best  man- 
agement, coupling  high  wages  with  low  labor  cost.  It  is  the  original  presenta- 
tion of  the  principles  of  Scientific  Management. 


PARTIAL  INDEX  OF  SUBJECTS 


What  Is  the  Best  Index  to  Good  Shop 

Management? 
Why  it  Is  Possible  to  Pay  High  Wages 

and  Still  Have  a  Low  Labor  Cost. 

The  Evils  of  "Soldiering." 

The  Only  True  Remedy  for  "Soldier- 
ing." 

Accm-ate  Scientific  Time  Study. 

Differential  Rate  System  of  Piece  Work. 

The  Task  Idea  in  Management. 


Illustrations  of  the  Practical  Results 
Obtained  Through  the  Application 
of  the  Task  Idea  in  Management 
Standai-ds. 

Planning  Department  :  General  Anal- 
ysis of  the  Duties  and  Qualities 
Demanded  of  a  Good  Foreman. 

Steps  to  Be  Taken  in  Changing  from 
Ordinary  to  the  Best  Type  of  Man- 
agement. 

Where  to  Begin  in  Making  Changes  in 
Management. 


The  Art  of  Cutting  Metals 

SECOND  EDITION. 

By  FREDERICK  W.  TAYLOR,  M.  E.,  Sc.D. 

Written  by  the  inventor  of  high  speed  steel,  this  book  contains  detailed  in- 
structions on  how  to  treat  high  speed  steel  so  as  to  make  the  best  possible  tool 
for  roughing  and  finishing  work.  Gives  standard  shapes,  lip  and  cleai-ance 
angles,  directions  for  forging  and  gi'inding,  notes  on  tool  steel  and  its  treatment, 
etc. 

6x9  in.         248  pages,  with  24  folders.        Cloth,  $3.00. 
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INVITATIONS  TO  THE  ANNUAL 
MEETING 

The  program  of  the  Annual  Meeting  of  the  Society,  to 
be  held  in  New  York,  December  3-6,  will  be  the  most  com- 
prehensive ever  offered.  A  number  of  special  sessions  will 
be  held  which  will  doubtless  attract  widespread  interest 
owing  to  their  unusual  character  and  value.  One  entire 
day  will  be  devoted  to  Economic  Administration,  in  which 
all  executives  will  be  interested  and  the  Society  will  be 
pleased  to  issue  invitations  for  that  session. 

The  Society  will  be  pleased  to  send  upon  the  request  of 
any  member,  an  invitation  to  the  meeting  to  persons 
interested.  It  is  hoped  that  no  one  will  miss  this  oppor- 
tunity to  bring  the  work  of  the  Society  to  the  attention  of 
every  engineer  of  prominence. 

A  brief  outline  of  the  program  will  be  found  on  page  4. 

COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

I.  E.  MouLTROP,  Chmn.  W.  T.  Donnelly 
C.  W.  Aiken  J.  P.  Illsley 

J.  v.  v.  CoLWELL  E.  B.  Katte 

R.  M.  Dixon  H.  S.  Wynkoop 
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COMING  MEETINGS  OF  THE  SOCIETY 

November  12,  New  York  City,  Engineering  Societies 
Building,  8.15  p.  m.  Paper:  Measuring  Efficiency 
in  Manufacturing,  Edward  B.  Passano.  Informal 
dinner,  6.15  p.m.     Meet  in  Society's  rooms. 

Novemher  13,  New  Haven,  Conn.,  Mason  Laboratory, 
Yale  University,  afternoon  and  evening  sessions,  3 
p.m.  and  8  p.m.  Dinner  at  6  p.m.  at  Yale  Dining 
Club.  Topic  for  afternoon  session:  The  Transpor- 
tation of  Materials  in  Manufacturing  Plants, 

Novemher  \5,  Boston,  Mass.  Paper:  Rot  in  Timber  used 
in  Slow-Burning  Construction,  F.  J.  Hoxie. 

December  3-6,  New  York  City,  Annual  Meeting,  Engineer- 
ing Societies  Building.  See  page  4  for  tentative 
program. 
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THE  ANNUAL  MEETING 

The  Annual  Meeting  this  year  will  comprise  sessions  upon  a 
greater  variety  of  topics  than  have  ever  been  arranged  for  a  meeting. 
No  less  than  ten  sessions  are  contemplated  with  papers  grouped  to 
form  symposiums  upon  various  subjects.  This  broadening  of  the 
Society's  work  is  the  result  of  the  sub-committees  lately  appointed 
under  the  direction  of  the  Committee  on  Meetings.  The  publication 
of  the  papers  for  the  Annual  Meeting  began  in  the  September  number 
of  The  Journal,  and  others  will  appear  in  the  December  number  or 
be  printed  in  pamphlet  form  for  distribution  at  the  meeting  and 
published  in  later  issues  of  The  Journal.  The  papers  already  pub- 
lished are  as  follows: 

The  Principles  of  Valuing  Property,  Henry  K.  Rowell 

Increase  of  Bore  of  High-Speed  Wheels  by  Centrifugal  Stresses,  Sanford  A. 

Moss 

Investigation  of  Efficiency  of  Worm  Gearing  for  Automobile  Transmission, 

Wm.  H.  Kenerson 

Measurement  of  Air  in  Fan  Work,  Charles  H.  Treat 
The  Baltimore  Sewerage  Pump  Valve,  A.  F.  Nagle 
The  Vauclain  Drill,  A.  C.  Vauclain  and  Henry  V.  Wille 
Tests  of  a  1000-H.P.,  24-Tubes  High  B.  &  W.  Boiler,  B.  N.  Bump 
The  V-Xotch  Weir  Method  of  Measurement,  D.  Robert  Yarnall 
Dimensions  of  Boiler  Chimneys  for  Crude  Oil,  C.  R.  Weymouth 
Air  in  Surface  Condensation,  George  A.  Orrok 
The  Centrifugal  Blower  for  High  Pressures,  Henry  F.  Schmidt 
Measurement  of  Natural  Gas,  Thos.  R.  Weymouth 
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One  whole  session  will  be  devoted  to  reports  of  technical  com- 
mittees which  it  is  expected  will  be  of  as  great  interest  as  any  other 
single  feature  of  the  professional  sessions.  One  of  the  reports  is  an 
exhaustive  document  prepared  by  the  Power  Tests  Committee. 
When  finally  revised  and  submitted  to  the  Council,  this  wall  supersede 
the  earlier  reports  upon  methods  for  conducting  trials  of  pumping 
engines,  locomotives,  steam  boilers  and  steam  engines,  besides  taking 
up  the  testing  of  other  apparatus,  such  as  gas  and  oil  engines,  water- 
wheels,  and  compressors,  blowers  and  fans.  The  latest  Society  report 
upon  any  of  these  subjects  was  in  1902  and  the  earliest  in  1890, 
twent>''=two  years  ago,  so  that  the  need  for  revision  is  evident. 

The  general  arrangement  of  the  sessions  will  be  substantially  as 
follows : 

TENTATIVE  PROGRAM 

Tuesday  Evening,  December  3 

President's  Address  followed  by  the  reception  to  the  president-elect,  the  retir- 
ing president,  Dr.  Alex.  C.  Humphreys,  and  their  ladies. 

Wednesday  Morning,  December  4 

Business  meeting,  followed  by  simultaneous  sessions,  under  the  direction  of 
the  Gas  Power  Section  and  the  sub-committees  on  Machine  Shop  Practice  and 
Textiles. 

Wednesday  Afternoon 
Reports  of  Committees,  Power  Tests,  Symbols,  etc. 

Wednesday  Evening 
Dinner  to  Professor  John  E.  Sweet,  Honorary  Member  and  Past  President,  in 
celebration  of  his  eightieth  birthday  and  in  recognition  of  his  services  to  the 
engineering  profession,  given  by  his  friends  and  members  of  the  Society. 
Thursday  Morning,  December  5 
Simultaneous  sessions  under  the  direction  of  the  sub-committees  on  Railroads, 
Iron  and  Steel,  and  Cement  Manufacture. 

Thursday  Afternoon 
Sessions  on  the  Power  Plant,  and  on  Hydraulic  and  Pneumatic  Apparatus, 
including  centrifugal  pumps,  blowers  and  the  measurement  of  flow  of  fluids. 

Thursday  Evening 
Reunion  and  dance,  with  collation. 

Friday  Morning,  December  6 
Session  of  the  Sub-Committee  on  Administration,  presenting  a  review  of  the 
present  state  of  the  art  of  management. 

The  list  of  papers  for  the  Machine  Shop  session  is  a  strong  one 
and  includes  the  results  of  tests  and  investigations  as  well  as  machine 
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shop  operations.  At  the  Textile  session  the  valuation  of  property 
and  the  special  requirements  of  power  plants  for  textile  mills  are  the 
subjects  for  discussion.  The  sub-committee  on  Railroads  have  papers 
on  train  lighting,  electric  locomotives  and  the  locomotive  problem, 
and  at  the  Iron  and  Steel  session  the  most  advanced  achievements 
in  iron  and  steel  manufacture  will  be  the  subject.  At  the  Cement 
session  the  subjects  of  depreciation  and  obsolescence  and  of  accidents 
are  to  be  treated. 

On  Friday  the  whole  session,  and  the  whole  day  if  necessary,  will 
be  devoted  to  a  review  of  the  present  state  of  the  art  of  industrial 
management. 

RAILROAD    TRANSPORTATION 

Arrangements  for  hotel,  transportation  and  Pullman  car  accommo- 
dations should  be  made  personally. 

For  members  and  guests  attending  the  Annual  Meeting  in  New 
York,  December  3-6,  1912,  the  special  rate  of  a  fare  and  three-fifths 
for  the  round  trip,  on  the  certificate  plan,  is  granted  when  the  regular 
fare  is  75  cents  and  upwards,  from  territory  specified  below. 

a  Buy  your  ticket  at  full  fare  for  the  going  journey,  between 
November  29  and  December  5  inclusive,  and  get  a  certifi- 
cate, not  a  receipt,  securing  these  at   least  half  an  hour 
before  the  departure  of  the  train. 
h  Certificates  are  not  kept  at  all  stations.     If  j^our  station 
agent  has  not  certificates  and  through  tickets,  he  will 
tell  you  the  nearest  station  where  they  can  be  obtained. 
Buy  a  local  ticket  to  that  point  and  there  get  your  cer- 
tificate and  through  ticket, 
c  On  arrival  at  the  meeting,  present  your  certificate  to  the 
registration  desk  at  the  Headquarters.    A  fee  of  25  cents 
will  be  collected  for  each  certificate  validated.     No  cer- 
tificate can  be  validated  after  December  6. 
d  An  agent  of  the  Trunk  Line  Association  will  vahdate  certifi- 
cates, December  4,  5,  6.    No  refund  of  fare  ^\all  be  made 
on  account  of  failure  to  have  certificate  validated. 
e  One-hundred  certificates  and  round  trip  tickets  must  be 
presented  for  validation  before  the  plan  is  operative. 
This  makes  it  important  to  show  the  return  portion  of 
your  round  trip  ticket  at  Headquarters. 
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/  If  certificate  is  validated,  a  return  ticket  to  destination  can 
be  purchased,  up  to  December  10,  on  the  same  route  over 
which  the  purchaser  came,  at  three-fifths  the  rate. 
This  special  rate  is  granted  only  for  the  Trunk  Line  Association, 
including: 

All  of  New  York  east  of  a  line  running  from  Buffalo  to  Salamanca,  all  of 
Pennsylvania  east  of  the  Ohio  River,  all  of  New  Jersey,  Delaware  and  Mary- 
land; also  that  portion  of  West  Virginia  and  Virginia  north  of  a  line  running 
t'lrough  Huntington,  Charleston,  White  Sulphur  Springs,  Charlottesville,  and 
Washington,  D.  C. 

THE  JOINT  MEETING  IN  LEIPZIG 

General  plans  for  the  itinerary  of  the  Society's  visit  to  the  German 
Verein  have  been  presented  to  the  Committee  on  Arrangements  by 
Dr.  Matschoss,  their  special  representative,  and  their  adoption  now 
depends  mainly  on  an  approximately  correct  list  of  members  and 
guests  who  will  compose  the  party. 

Preliminary  estimates  of  the  cost  of  the  excursion  here  given  will, 
it  is  hoped,  enable  members  to  reply  more  definitely  to  our  circular 
of  August  27,  for  the  cost  of  steamship  and  railroad  fares  depends 
directly  on  the  number  of  participants. 

We  can  accommodate  from  160  to  200  first-class  passengers; 
about  80  on  two  promenade  decks,  the  others  on  the  upper  and 
main  decks.  Prices,  according  to  location,  range  from  $90  to  $130 
per  berth.  This  includes  first-class  passage  from  New  York  to  the 
German  port,  with  meals  and  hot  and  cold  salt  water  baths,  and 
railroad  fare  to  Bremen  or  Hamburg.  The  railroad  fare  from  there 
to  Leipzig  will  l^e  $5  each  on  regular  express  trains,  but  if  at  least 
160  members  and  guests  take  part,  a  special  train  can  be  furnished 
at  about  $2.50  per  person.  The  excursion  from  Leipzig  to  Dresden, 
Berhn,  Dtisseldorf,  Essen,  Cologne,  Wiesbaden,  Frankfurt,  Heidel- 
berg, Niirnberg  and  Munich  will  cost  from  $23  to  $26  each,  with 
probably  a  similar  liberal  deduction  if  a  special  train  is  chartered 
for  not  less  than  160  passengers. 

German  railways  have  first,  second,  third  and  fourth-class  car- 
riages. There  is  no  difference  between  first  and  second-class  except 
the  color  of  the  upholstery  and  the  seating  capacity,  first-class 
having  six  seats  and  second-class  eight  seats  per  section.  As  a 
rule,  well-to-do  Germans  travel  in  second-class  carriages,  first-class 
being  patronized  by  high  officials  and  foreigners  unfamiliar  with  the 
customs  of  the  country.    For  short  trips  of  less  than  five  hours,  most 
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Germans  on  their  summer  vacation  tours  travel  third-class,  the 
carriages  of  which  are  roomy  and  clean,  with  plain  wooden  seats. 

The  figures  above  given  are  for  second-class  coaches  throughout. 
Dining  cars  accommodate  first  and  second-class  passengers  only. 
Hotel  accommodations  can  be  had  at  American  prices  if  American 
style  and  luxury  are  desired.  But  the  hotels  patronized  by  native 
travelers  are  much  cheaper,  serve  excellent  meals  and  are  scrupu- 
lously neat.  Single  rooms  with  private  bath  cost  $2.50  to  $3.50  per 
day;  double  rooms  from  $3.50  to  $6.00.  Single  rooms  without  bath 
from  $1.00  to  $2.00;  double  rooms  from  $2.50  to  $5.00,  and  excellent 
baths  can  be  had  on  the  same  floor  for  35  to  50  cents.  In  every 
city  there  are  first-class  swimming  baths. 

Good  meals  on  dining  cars  and  excellent  meals  in  hotels  range 
from  35  cents  for  breakfast  to  75  cents  and  one  dollar  for  dinner. 
Germans  generally  dine  at  midday,  and  take  coffee  or  tea  in  public 
gardens  where  a  band  plays,  and  supper  in  garden  restaurants; 
rates  about  25  per  cent  less  than  in  the  United  States. 

In  the  matter  of  meals  there  is  a  radical  difference  between  hotels 
in  Europe  and  America.  The  steam  table  which  reduces  all  viands 
to  mediocre  similarity  is  unknown  in  Europe.  Meals  are  served  at 
stated  hours  fresh  from  the  chef's  hands,  each  course  distinguishable 
wdthout  reference  to  the  bill  of  fare,  incidentally  reducing  the  cost 
of  service.  The  result  is  that  meals  in  the  smaller  and  cheaper 
hotels  are  much  better  than  in  houses  of  the  same  class  here. 

With  the  very  reliable  Baedeker  in  your  pocket  you  can  travel 
on  the  continent  at  much  less  cost  than  here. 

A  gentleman  who  recently  traveled  in  Germany  and  France  with 
two  ladies  for  three  and  one-half  months  reports  total  expense,  ex- 
clusive of  steamer  fare,  at  $5.10  per  day  per  person. 

Committee  on  Arrangements 


AMENDMENT  TO  BY-LAW  18 
At  a  meeting  of  the  Council,  October  8,  By-Law  18  was  amended 
to  read  as  follows: 

B  18  The  Council  at  any  meeting  may,  in  its  discretion,  permanently  remit 
the  dues  of  any  Member  of  the  Society  who  has  paid  thirty  years'  dues  or  who 
shall  have  reached  the  age  of  seventy  years  after  having  paid  twenty-five  years' 
dues,  provided  that  notice  of  such  proposed  action  shall  have  concurred  in  recom- 
mending that  this  action  be  taken.  The  Council  may,  in  its  discretion,  restore 
to  membership  any  person  dropped  from  the  rolls  for  non-payment  of  dues,  or 
otherwise,  upon  such  terms  and  conditions  as  it  may  at  the  time  deem  best  for 
the  interests  of  the  Society. 
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MEETINGS  OF  STUDENT  BRANCHES 

With  the  reopenhig  of  the  universities,  meetings  of  the  Student 
Branches  of  the  Society,  which  now  number  twenty-five  with  a  total 
membership  of  700,  have  been  resumed  with  customary  vigor. 
Although  it  is  possible  to  publish  no  more  than  very  brief  accounts 
of  these  meetings  from  time  to  time,  much  work  of  real  professional 
merit  is  being  accomplished  in  these  branches,  which  deserves  ^vide^ 
mention.  In  some  of  the  branches,  outside  speakers  of  prominence 
in  the  engineering  world  are  secured  to  address  the  college  at  inter- 
vals on  vital  aspects  of  the  profession,  while  in  others  members  meet 
to  discuss  the  papers  presented  at  meetings  of  the  Society.  Original 
papers  are  also  secured  and  read  at  many  of  the  branch  meetings, 
and  at  least  one  of  the  colleges  held  last  year  a  small  convention, 
with  afternoon  and  evening  sessions  and  a  carefully  arranged  pro- 
gram. 

The  Armour  Student  Branch  opened  its  meetings  for  the  season 
on  September  19,  with  its  annual  smoker  at  which  Prof.  G.  F. 
Gebhardt,  Prof.  A.  J.  Frith  and  Prof.  C.  E.  Paul,  Members  of  the 
Society,  were  the  speakers.  On  October  9  a  joint  meeting  was  held 
with  the  student  branch  of.  the  American  Institute  of  Electrical 
Engineers,  C.  K.  Baldwin,  Mem.Am.Soc.M.E.,  giving  an  illustrated 
lecture  on  Belt  Conveyors. 

At  the  first  meeting  of  the  Ohio  State  University  student  branch, 
Prof.  Wm.  T.  Magruder,  Mem.Am.Soc.M.E.,  gave  an  interesting 
talk  on  the  Society,  its  growth  and  what  it  stands  for,  with  special 
reference  to  the  value  of  affiliation  with.  it. 

A  well-attended  meeting  was  held  at  the  Polytechnic  Institute  of 
Brooklyn  on  the  evening  of  October  5,  for  the  purpose  of  laying  out 
plans  for  the  coming  season,  for  which  the  prospects  are  excellent. 
B.  L.  Heustis  was  elected  president  for  the  year,  and  A.  Bielek, 
secretary. 

The  Student  Branch  of  the  State  University  of  Kentucky  elected 
the  following  officers  at  a  recent  meeting:  R.  R.  Tahaferro,  chairman, 
R.  E.  Mattingly,  vice-chairman,  F.  J.  Forsyth,  secretary,  and  D.  W. 
Perry,  treasurer. 

At  the  University  of  California,  J.  F.  Ball  was  elected  to  the  office 
of  chairman  at  a  meeting  on  September  14,  and  Jesse  Blair  to  the 
office  of  vice-chairman. 

The  University  of  Missouri  Student  Branch  held  a  meeting  on 
September  30,  at  which  Prof.  H.  W.  Hibbard,  Mem.Am.Soc.M.E., 
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gave  a  talk  on  the  value  of  affiliation.  The  following  officers  were 
elected:  F.  I.  Kemp,  president,  R.  Runge,  secretary-treasurer,  J.  H. 
Pound,  corresponding  secretary. 

Meetings  were  resumed  by  the  University  of  Nebraska  Student 
Branch  on  October  1,  at  which  short  talks  on  affiliation  were  given 
by  Prof.  J.  D.  Hoffman  and  Professor  Raber. 

The  University  of  Wisconsin  Student  Branch  held  their  election 
of  officers  on  October  17,  with  the  following  result:  W.  A.  Moyer, 
president,  A.  G.  Peter,  vice-president,  W.  K.  Fitch,  secretary,  W. 
H.  Schleck,  treasurer.  Committees  were  appointed  by  the  president 
and  the  work  for  the  year  planned. 

At  Yale  University  a  meeting  of  the  Student  Branch  was  held 
on  October  11,  at  which  Prof.  L.  P.  Breckenridge,  Mem.Am.Soc.M.E., 
was  the  principal  speaker.  Plans  for  the  year  were  outlined  by  the 
president,  C.  E.  Booth,  and  an  interesting  demonstration  was  given 
of  a  new  combined  stereopticon  and  reflectoscope,  just  installed  at 
the  Sheffield  Scientific  School. 

DR.    VON    MILLER    ELECTED    TO    HONORARY 
MEMBERSHIP 

At  a  meeting  of  the  Council,  October  8,  1912,  Dr.  Oscar  von 
Miller,  director  of  the  German  Museum  in  Munich,  was  elected  to 
honorary  membership  in  the  Society.  Dr.  von  Miller  who,  in  addi- 
tion to  his  connection  wdth  the  German  Museum,  is  this  year  presi- 
dent of  the  Verein  deutscher  Ingenieure  and  a  civil  engineer  of  the 
city  of  Munich,  has  been  prominent  for  a  number  of  years  in  his 
profession.  He  was  the  designer  of  the  electric  central  station  in 
Kassel,  the  first  central  station  in  Germany  with  a  converter  from 
alternating  to  direct  current,  and  also  the  central  station  in  Heil- 
broiin,  the  first  alternating-current  installation  in  Germany.  He 
also  designed  and  directed  the  construction  of  the  electric  trunk  line 
Mecklenbeuren-Tettnang  and  the  central  stations  at  Niirnberg, 
Strassburg,  Wiesbaden,  Bozen-Meran,  Riga,  and  others.  He  is  the 
author  of  a  book  on  the  Supply  of  Electricity  in  Cities,  and  has 
received  decorations  from  the  governments  of  Italy,  Sweden,  Ba- 
varia, the  Grand  Duchy  of  Baden,  and  from  Wtirttemberg. 

Dr.  von  Miller  was  one  of  the  founders  of  the  German  Museum 
of  Masterpieces  of  Natural  Sciences  and  Technology,  of  which  he  is 
now  the  director. 


10  SOCIETY    AFFAIRS 

NEW  SECTIONS  OF  THE  SOCIETY 

In  addition  to  the  meetings  of  the  Society  which  are  now  held  in 
New  York,  Boston,  Phihidelphia,  St.  Louis,  San  Francisco,  and  New 
Haven,  committees  have  been  organized  in  Cincinnati  and  Chicago 
in  charge  of  meetings  in  those  cities,  with  the  fohowing  personnel: 
In  Cincinnati,  A.  L.  DeLeeuw,  chairman,  J.  T.  Faig,  secretary,  W. 
G.  Franz,  G.  W.  Galbraith,  L.  H.  Thullen;  in  Chicago,  Paul  P.  Bird, 
H.  A.  Bogardus,  G.  F.  Gebhardt  and  A.  L.  Rice. 

On  October  17,  the  first  meeting  of  the  Cincinnati  Section  was 
held,  jointly  with  the  Engineers  Club  of  that  city.  A.  L.  DeLeeuw, 
chairman  of  the  section,  read  a  paper  on  The  Trend  of  Modern 
Engineering,  which  treated  of  the  gradual  change  of  the  scope  of  the 
engineer  from  an  inventor  to  a  true  economist,  who  sought  to  get 
the  greatest  amount  of  product  with  the  least  amount  of  effort  or 
expenditure.  The  latest  phase  of  this  subject  was  especially  con- 
sidered, namely,  scientific  management,  and  how  the  task  and  bonus 
plan  in  connection  with  instruction  sheets  leads  to  economies,  not 
only  by  its  direct  effect  on  the  workingman,  but  also  because  it 
brings  to  the  attention  of  the  management  every  point  of  the  equip- 
ment not  up  to  its  highest  efficiency.  The  paper  further  discussed 
the  effects  of  this  system  on  the  relation  between  employer  and 
employee  and  how  it  establishes  a  well-defined  contract  between 
them,  producing  a  beneficial  effect  and  becoming  in  itself  a  source 
of  economy. 

DINNER  TO  DR.  MATSCHOSS 

At  the  conclusion  of  the  Council  meeting  on  October  8,  an  informal 
dinner  was  tendered  by  the  members  of  the  Council  to  Dr.  Conrad 
Matschoss,  Dozent  of  the  Technische  Hochschule  of  Berlin,  an 
official  representative  of  the  Verein  deutscher  Ingenieure. 

In  Dr.  Matschoss's  remarks  he  spoke  of  his  success  in  his  tour 
of  the  United  States  in  interesting  men  of  affairs  and  engineers  in 
the  writing  of  their  biographies  and  histories  of  the  technical  arts, 
so  that  there  may  be  available  in  the  future  a  record  of  the  de- 
velopment of  each  of  the  industries.  He  remarked  that  the  condi- 
tions in  particular  ages  may  be  obtained  from  literature,  but  that  no 
convenient  report  of  the  progress  made  in  any  art  is  at  present 
obtainable,  with  a  few  exceptions.  Dr.  Matschoss  also  spoke  of  the 
increasing  interest  which  every  young  man  ought  to  have  in  his 
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profession,  and  the  importance  of  developing  this  respect  and  zeal 
for  one's  work. 

Mr.  Swasey,  who  took  the  chair  after  Dr.  Humphreys  was  called 
away,  pledged  the  company  to  take  up  the  work  as  outlined  by  Dr. 
Matschoss,  and  it  is  the  hope  of  all  that  in  the  near  future  several 
of  our  honorary  members  and  others  prominent  in  the  engineering 
profession  will  make  good  their  promise  to  write  autobiographical 
notes  which  the  Society  may  publish  uniformly  with  the  edition  of 
the  Life  of  John  Fritz,  brought  out  under  the  auspices  of  the  Society. 

The  meeting  concluded  with  an  expression  of  appreciation  to  the 
Verein  deutscher  Ingenieure  of  their  invitation  to  the  Society  to 
meet  with  them  in  Germany  next  year  and  to  make  a  tour  of  the 
industrial  centers.  • 

REPORT  OF  COMMITTEE  ON  PATENT  LAWS 

The  following  report  on  the  patent  law  situation  has  been  made 
by  the  committee  appointed  by  the  Council  to  investigate  this 
subject,  in  which  every  member  is  directly  or  indirectly  interested. 
The  committee  attended  the  patent  conference  held  last  spring  in 
Washington  between  the  bar  associations  and  the  engineering 
societies  of  the  country,  and  have  also  been  requested  by  the  Council 
to  continue  to  keep  in  touch  with  the  situation  and  to  report  to 
them  from  time  to  time  regarding  recent  developments. 

To  THE  Council: 

Pursuant  to  our  appointment  on  April  9,  1912,  by  the  Council  as  a  Committee 
on  Patent  Laws,  we  have  continued  to  study  the  patent  situation  in  Washington 
and  the  course  of  legislation  which  has  been  introduced  in  the  House  on  the 
subject  of  Patents,  amounting  to  more  than  50  bills,  most  of  which  appear  to  be 
not  in  the  interest  of  inventors  and  patentees. 

In  the  early  part  of  May,  the  President  sent  a  message  to  Congress  recom- 
mending the  appointment  of  a  competent  mixed  commission  to  make  a  thorough 
study  of  the  patent  law  and  patent  practice  and  to  report  its  findings  to  Congress 
as  a  basis  of  legislation. 

Your  Committee  believes  that  the  recommendations  of  the  President,  as 
embodied  in  his  message,  are  most  wise,  that  there  is  great  danger  in  any  patent 
legislation  that  is  not  based  on  carefully  compiled  information,  that  the  appoint- 
ment of  a  commission  is  the  only  safe  procedure,  and  that  the  President's  recom- 
mendations should  have  the  earnest  support  of  all  engineers,  patentees  and 
others  who  are  interested  in  the  preservation  and  improvement  of  our  patent 
system. 

Respectfully  submitted, 

W.  H.  Blauvelt 
B.  F.  Wood 

Committee  on  Patent  Laws 
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INDEX  TO  TRANSACTIONS 


It  is  the  exi)ectation  of  the  PubHcation  Committee  to  make  this 
coming  season  an  index  of  the  individual  papers  in  the  Transactions, 
from  the  first  vohime  up  to  the  present  time.  It  is  hoped  to  make 
the  index  a  model  of  its  kind,  through  the  cooperation  of  the  li- 
brarian of  the  United  Engineering  Societies  and  of  others  experienced 
in  work  of  this  character. 


BOOKS  ON  AERIAL  ENGINEERING 

The  library  of  the  United  Engineering  Societies  now  possesses  an 
important  collection  of  works  on  aeronrutics  to  which  the  attention 
of  the  membership  is  called. 

At  the  head  of  the  list  may  be  placed  the  workfe  of  Prof.  S.  P. 
Langley  (Experiments  in  Aerodynamics,  Washington,  1891,  and 
Memoir  on  Mechanical  Flight,  1911),  the  dean  of  the  science  of 
aerial  engineering.  The  next  place,  following  the  order  of  develop- 
ment of  ideas  and  not  of  publication,  belongs  to  the  remarkable 
work  of  L.  P.  Mouillard  (Le  vol  sans  battement),  written  sometime 
in  the  late  eighties  or  very  early  nineties  of  the  last  century,  and 
clearly  establishing  the  principles  of  wing  warping  which  gave  the 
mastery  of  the  air  to  the  Wright  brothers.  A  copy  of  this  work  was 
sent  to  Mr.  Octave  Chanute  in  1894,  but  was  not  published  until 
long  after  the  author  died,  in  1897. 

The  following  works  are  devoted  to  the  exposition  of  the  funda- 
mental mechanical  principles  of  heavier-than-air  flight :  Two  volumes 
of  Aerial  Flight  by  F.  W.  Lanchester  (Aerodynamics,  1908,  and 
Aerodonetics,  1909),  containing  a  discussion  of  the  theory  of  aero- 
dynamic support,  resistance  of  bodies  in  motion  to  flight,  forms  of 
natural  flight  path,  questions  of  equilibrium,  stability  in  flight,  and 
phenomenon  of  soaring;  Etude  de  la  stabihte  de  I'aeroplane,  by  G.  de 
Bothezat  (Paris,  1911),  examining  the  necessary  and  sufficient  con- 
ditions of  the  stability  of  an  aeroplane,  and  for  the  first  time  giving 
a  complete  mathematical  solution  of  the  complicated,  but  highly 
important  problem  of  the  conditions  of  stability;  Les  lois  experi- 
mentales  de  I'aviation,  by  Alexandre  See  (Paris,  1911),  with  its 
companion  volume,  ordered  but  not  yet  received  by  the  library,  said 
to  be  one  of  the  most  remarkable  books  on  the  theory  of  aviation 
and  treating  the  whole  subject  in  a  novel  and  interesting  manner. 
To  the  same  class  belongs  the  little  book  on  the  Force  of  the  Wind, 
by  Prof.  Herbert  Chatley,  dealing  with  the  subject  of  wind  pressure 
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and  stresses  in  structures  due  to  wind,  and  giving  a  brief  but  clear 
exposition  of  the  stream  line  theory,  of  interest  to  automobile  de- 
signers as  well  as  aeronauts.  P'rederic  Houssay,  Forme,  puissance 
et  stabilite  des  poissons  (Paris,  1912),  may  also  be  mentioned  here 
as  containing  many  interesting  considerations  on  the  inversion  and 
motion  of  bodies  entirely  immersed  in  a  fluid,  and  although  pri- 
marily devoted  to  the  investigation  of  the  motion  of  fish,  much  of  its 
theory  applies  also  to  aeroplanes. 

On  the  margin  between  pure  theory  of  the  art  and  practical  design 
may  be  placed  Les  bases  et  methodes  d'etudes  aerotechniques,  by 
L.  Ventou-Duclaux  and  Robert,  covering  both  the  heavier  and 
lighter-than-air  flight,  and  Victor  Lougheed's  Vehicles  of  the  Air, 
the  first  complete  exposition  of  the  whole  subject  in  the  English 
language. 

It  is  the  intention  of  the  library  to  have  as  complete  a  collection 
as  possible  of  the  publications  of  the  great  European  aerodynamic 
laboratories.  So  far  several  publications  of  the  laboratory  of  Champ- 
de-Mars,  conducted  by  Mr.  G.  Eiffel,  Honorary  Member,  Am.Soc. 
M.E.,  and  of  the  Laboratorio  di  Costruzioni  Aeronautiche  del  Bat- 
talione  Specialisti  of  the  Italian  War  Office,  have  been  secured,  and 
arrangements  have  been  made  to  obtain  the  publications  of  the 
Aerodynamic  Institute  of  Riabushinsky  at  Kuchino,  near  Moscow, 
Russia. 

On  design  and  construction  of  heavier-than-air  machines  the 
library  has  the  following  works:  Progress  in  Flying  Machines,  by 
Octave  Chanute  (New  York,  1899),  now  of  historical  interest  only; 
The  Problem  of  Flight,  by  Herbert  Chatley  (London,  1907),  an 
epitome  of  the  knowledge  available  on  the  subject  of  flight  at  the 
time  when  Santos-Dumont  and  the  Wright  brothers  were  demon- 
strating that  flight  is  actually  possible;  Navigating  the  Air,  by  the 
Aero  Club  of  America  (New  York,  1907);  The  Art  of  Aviation,  by 
Robert  W.  A.  Brewer  (New  York,  1910),  containing  a  large  amount 
of  practical  information  upon  the  construction  of  aeroplanes  and  their 
motive  plant,  with  a  sparing  use  of  mathematics;  The  Principles  of 
Aeroplane  Construction,  by  Rankin  Kennedy  (New  York,  1911),  a 
concise  theory  of  aeroplane  construction  and  elementary  treatment 
of  aeroplane  design,  with  calculations  worked  out  numerically  on 
the  two  systems  in  use. 

For  the  lighter-than-air  flight  the  library  possesses  the  following: 
Espitalier,  La  Technique  du  ballon  (Paris,  1907);  Fr.  Walker,  Aerial 
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Navigation    (New  York,    1902),  and  A.   W.   Marshall  and  Henry 
Greenly,  Flying  Machines  (London,  n.  d.)- 

The  library  receives  the  following  special  periodicals  on  Aero- 
nautics: Rivista  Tecnica  d'Aeronautica,  Organo  dell  Aero  Club 
d'ltaha;  La  Technique  automobile  et  aerienne;  Zeitschrift  fiir  Flug- 
technik  und  Motorluftschiffahrt;  Deutsche  Luftfahrer  Zeitschrift; 
L'Aerophile;  Fly;  Aircraft;  Aeronautics;  and  the  Aeronautical 
Journal. 


THE  PRESENT  STATE  OF  THE  ART  OF 
INDUSTRIAL  MANAGEMENT 

MAJORITY  REPORT  OF  SUB-COMMITTEE  ON  ADMINISTRATION 

During  the  past  I'eAV  years  a  number  of  striking  phenomena, 
in  connection  with  industrial  management,  must  have  become 
evident  even  to  the  most  superficial  observer.  The  more  impor- 
tant are: 

a  The  widespread,  popular  interest  in  the  subject  which 
had  its  rise  in  a  statement  made  before  the  Inter- 
state Commerce  Commission,  in  a  hearing  on  the 
matter  of  proposed  adxances  in  freight  rates  by  car- 
riers. An  attorney  for  the  shippers  stated  on 
November  21,  1910,  that  it  was  estimated  that  by 
the  application  of  newly  discovered  principles  of 
management  ''  in  the  railroad  operation  of  this  coun- 
try an  economy  of  $1,000,000  a  day  is  possible,"  and 
further  that  these  principles  can  be  applied  with 
equal  success  "  in  every  form  of  business  activity.'' 
This  popular  interest  is  shown  by  the  great  number 
of  articles  published  in  the  daily  papers  and  popu- 
lar magazines,  mediums  that  give  but  scant  atten- 
tion to  technical  subjects,  except  of  the  most  striking 
nature. 
6  The  suddenly  intensified  interest  in  the  subject  on 
the  part  of  emplo3^ers  and  business  executives  in 
many  lines  of  activity,  shown  by  lectures,  addresses, 
professional  papers  and  reports  presented  to  their 
associations. 
c  The  opposition  of  labor  unions  to  the  newer  methods 
of  management,  shown  by  statements  of  labor  leaders, 
in  a  few  instances  by  strikes,  and  by  an  attempt  to 

The  American  Society  of  Mechanical  Engineers,  29  West  39th  Street, 
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prohibit  by  law  the  use  of  some  of  these  methods  in 
Government  shops. 

d  Governmental  recognition  of  the  matter  shown  by  the 
appointment  of  a  special  committee  of  the  House  of 
Representatives  to  investigate  systems  of  manage- 
ment in  Government  arsenals  and  shops,  which  re- 
ported in  March  1912;  by  the  appointment  of  a  ci- 
vilian board  by  the  Secretary  of  the  Navy  to  investi- 
gate management  in  the  navy  yards,  which  reported 
in  July  1911 ;  and  by  Senate  bill  S  6172^  now  in  com- 
mittee, Avhich  is  intended  to  prohibit  time  study  and 
the  payment  of  premiums  or  bonus  on  Government 
work. 

e  The  rapidity  with  which  literature  on  the  subject  has 
accumulated.  One  directory  of  books  on  business 
management  lists  500  titles,  and  states  that  75  per 
cent  of  them  have  been  written  within  five  j'ears. 

/  The  formation  of  tAvo  societies  having  as  an  aim  the 
furtherance  of  the  application  of  the  principles  of 
management. 

(J  The  separation  of  persons  interested  in  the  matter 
into  two  camps,  one  of  enthusiastic  advocates,  the 
other  of  vigorous  opponents  of  what  is  called  the 
new  element  in  management. 

li     'V\\Q  unquestionable  proof  of  the  advance  that  can  be 

made  in  unskilled  work,  as  shoveling  material,  and  in 

ancient  trades,  as  bricklaying,  by  the  application  of 

•  the   principles    of   management.     This    is    the   most 

striking  phenomenon  of  all. 

THE    PRINCIPLES    OF    MANUFACTURE 

2  Before  defining  the  element  in  the  art  of  management 
that  has  given  rise  to  these  phenomena,  it  is  necessary  to  review 
briefly  the  beginnings  of  modern  industr,y.  This  gives  a  his- 
torical setting  from  which  the  present  can  be  more  truly  judged. 

3  Modern  industry  is  stated  Jby  some  writers  to  have  begun 
in  1738  when  John  Wyatt  brought  out  a  spinning  machine. 
(Others  place  the  period  as  between  1750  and  1800,  when  the 
power  loom  and  steam  engine  came  into  being.  It  was  marked 
by  the  development  of  labor-saving  machinery.  It  was  brought 
about  by  the  change  from  handicraft  to  manufacture. 
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4  Early  British  economists  held  that  the  application  of  the 
principle  of  division  of  labor  was  the  basis  of  manufacture. 
From  Adam  Smith's  "  Wealth  of  Nations,"  1776,  we  quote : 

"  This  great  Increase  of  the  quantity  of  work  which,  in  consequence  of 
the  division  of  labor,  the  same  number  of  people  are  capable  of  perform- 
ing, is  owing  to  three  different  circumstances ;  first,  to  the  increase  of  dex- 
terity in  every  particular  workman ;  secondly,  to  the  saving  of  the  time 
which  is  coumiouly  lost  in  passing  from  one  species  of  work  to  another ; 
and  lastly,  to  the  invention  of  a  great  number  of  machines  which  facilitate 
and  abridge  labor,  and  enable  one  man  to  do  the  work  of  many." 

5  Charles  Babbage,  the  great  British  mathematician  and 
mechanician,  believed  that  from  the  above-quoted  statement  the 
most  important  principle  was  omitted.  This  omission  he  sup- 
plied as  follows  in  his  "  Economy  of  Machinery  and  Manu- 
facture," 1832: 

'•  That  the  master  manufacturer,  by  dividing  the  work  to  be  executed  into 
different  processes,  each  requiring  different  degrees  of  skill  and  force,  can 
purchase  exactly  that  precise  quantity  of  both  which  is  necessary  for  each 
process ;  whereas,  if  the  whole  work  were  executed  by  one  workman,  that 
person  must  possess  sufficient  skill  to  perform  the  most  difficult,  and  suffi- 
cient strength  to  execute  the  most  laborious,  of  the  operations  into  which 
the  art  is  divided." 

6  It  appears,  however,  that  another  principle  is  the  basic 
one  in  the  rise  of  industry.  It  is  the  transference  of  skill.  The 
transference  of  skill  from  the  inventor  or  designer  to  the  power- 
driven  mechanism  brought  about  the  industrial  revolution  from 
handicraft  to  manufacture.  It  will  be  necessary  to  refer  to  this 
principle  frequently  throughout  this  report,  in  showing  the 
meaning  and  position  of  management  in  industry. 

7  No  better  single  illustration  of  the  application  of  this 
principle  can  be  found  than  in  the  invention  of  the  lathe  slide 
rest  by  Henry  Maudsley  in  1794.  This  has  been  ranked  as 
second  only  to  the  steam  engine  in  its  influence  on  machinery 
building,  and  thus  on  industrial  development.  The  simple, 
easily  controlled  mechanical  movements  of  the  slide  rest  were 
substituted  for  the  skilful  human  control  of  hand  tools.  So 
complete  has  been  this  transference  of  skill  that  today  hand 
tooling  is  a  vanished  art  in  American  machine  shops.  Very 
few  lathe  hands  can  chase  a  thread  with  hand  tools,  yet  all 
can  cut  good  threads  on  an  engine  lathe,  thanks  to  the  slide 
rest.     After  the  traditional  skill  of  a  trade,  or  the  special,  pe- 
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culiar  skill  of  a  designer  or  inventor,  has  been  transferred  to 
a  machine,  an  operator  with  little  or  no  previously  acquired  skill 
can  learn  to  handle  it  and  turn  off  the  product. 

8  An  example  of  the  extent  to  which  this  transference  of 
skill  is  carried  today  is  presented  by  the  shoemaking  industry. 
The  United  Shoe  Machinery  Company  builds  some  400  machines 
used  in  shoe  manufacture.  These  are  so  highly  organized  that 
the  greater  part  of  shoe-shop  operatives  are  unskilled  except 
in  a  single  readily  mastered  detail  of  the  work.  The  skill  in 
shoemaking  is  now  in  the  mechanical  equipment  of  the  shops. 
This  transference  is  a  development  of  the  past  50  years. 

9  James  Nasmyth,  a  British  engineer,  inventor  of  the  steam 
hammer,  has  this  to  say  in  1.851  of  the  application  of  this  prin- 
ciple in  his  own  works :  "  The  characteristic  feature  of  our 
modern  mechanical  improvements,  is  the  introduction  of  self- 
acting  tool  machinery.  What  every  mechanical  workman  has 
now  to  do,  and  what  every  boy  can  do,  is  not  to  work  himself, 
but  to  superintend  the  beautiful  labor  of  the  machine.  The 
whole  class  of  workmen  that  depend  exclusively  on  their  skill 
is  now  done  away  with." 

10  Methods  of  analyzing  and  recording  operations  were 
early  developed.  Adam  Smith  records  the  divisions  of  the 
work  of  manufacturing  pins,  listing  11  operations.  Charles 
Babbage  gives  a  table  (see  Appendix  No.  1,  Table  1)  from  a 
French  investigator,  showing  the  number  of  operations,  time 
for  each,  cost  of  each,  and  expense  of  tools  and  material  for 
making  pins  in  France  in  1760,  He  gives  a  similar  table  for 
English  manufacture  in  his  day  (see  Appendix  No.  1,  Table  2, 
from  Economy  of  Machinery  and  Manufacture,  1832). 

11  He  further  comments  on  the  use  of  the  watch  to  time 
operations.  We  quote  from  his  instructions  to  one  making  such 
observations  and  using  a  skeleton  form  that  he  recommends : 
"  In  filling  up  the  answers  which  require  numbers,  some  care 
should  be  taken:  for  instance,  if  the  observer  stands  with  his 
watch  in  his  hand  before  a  person  heading  a  pin,  the  workman 
will  almost  certainly  increase  his  speed,  and  the  estimate  will 

be  too  large The  number  of  operations  performed  in  a 

given  time  may  be  frequently  ascertained  when  the  worlanan 
is  quite  unconscious  that  any  person  is  observing  him.  Thus 
the  sound  made  by  the  motion  of  a  loom  may  enable  the  observer 
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to  count  the  mimber  of  strokes  per  minute,  even  though  he  is 
outside  the  building  in  which  it  is  contained." 

1:2  M.  Couh)mb,  (he  noted  French  physicist  (1736-1806),  who 
had  great  experience  in  making  such  observations,  cautions 
those  Avho  may  repeat  his  experiments  against  being  deceived 
by  such  circumstances.  We  translate  a  single  quotation :  "  I 
pray  (says  he)  those  who  wish  to  repeat  them  (the  experiments) 
if  they  have  not  time  to  measure  the  results  after  several  days 
of  Avork,  to  observe  the  workmen  at  various  times  during  the 
day  without  their  knowing  that  they  are  being  watched.  We 
cannot  be  too  well  warned  of  the  danger  of  self-deception  in 
computing  either  the  speed  or  the  effective  time  of  work  through 
an  observation  of  a  few  minutes." 

13  Thus  Ave  see  the  application  of  the  principle  of  trans- 
ference of  skill  at  the  basis  of  the  development  of  the  industry, 
and  an  early  appreciation  of  the  value  of  the  detailed  study 
of  operations  in  making  that  transference  more  complete.  But 
the  machine  was  the  viewpoint.  It  Avas  looked  upon  as  the 
producing  unit.  Combined  and  contrasted  Avith  this  was  a  lack 
of  knowledge  of  scientific  principles  and  their  sure  application. 
Charles  Babbage  treats  of  this  forcefully.    We  quote: 

"  There  is  perhaps  no  trade  or  profession  existing  in  which  there  is  so 
much  quacliery,  so  much  ignorance  of  the  scientific  principles,  and  of  the 
history  of  their  own  art,  witli  respect  to  its  resources  and  extent,  as  is  to 
be  met  with  amongst  mechanical  projectors." 

14  In  the  same  vein  he  emphasizes  the  need  of  accurate  draAv- 
ings  as  if  having  in  mind  the  poor  quality  of  the  work  from  the 
aA'erage  draftsman  of  his  day :  ''  It  can  never  be  too  strongly 
impressed  upon  the  minds  of  those  who  are  devising  new 
machines  (says  he)  that  to  make  the  most  perfect  draAvings 
of  every  part  tends  essentially  both  to  success  of  the  trial,  and 
to  economy  in  arriving  at  the  result." 

15  He  further  points  out  that  there  is  another  important 
factor  in  successful  industry,  in  addition  to  machineiy.  We 
read  that  "  in  order  to  succeed  in  a  manufacture,  it  is  necessary 
not  merely  to  possess  good  machinery,  but  that  the  domestic 
economy  of  the  factory  should  be  most  carefully  regulated." 

16  These  quotations  foreshadow  modern  methods  of  think- 
ing out  the  Avork  in  advance  and  transferring  this  thought  to 
the  workmen.     The  subsequent  deA^elopment  has  had  the  effect 
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of  advancing  still  further  the  division  of  labor,  and  beginning 
the  division  of  thought.  The  drafting  room  presents  the  first 
example  of  the  trend,  in  its  collection  of  engineering  data,  in 
its  prediction  of  results  and  the  formation  of  staff  organization. 

17  But  from  the  period  of  the  last  quotation  almost  to  the 
present  there  has  been  no  change  in  the  basic  principles  dis- 
covered and  applied  in  industry.  There  has  been  nothing  but 
an  extension  of  those  already  known.  The  place  of  greatest 
advance  has  been  in  the  drawing  room.  The  art  of  machine 
design  has  been  greatly  developed.  The  last  half  of  the  last 
century  saw  a  tremendous  increase  in  inventions,  a  tremendous 
furtherance  of  the  application  of  transference  of  skill  to 
machines  and  tools.  The  skeleton  of  an  industrial  organization 
of  this  period,  one  that  was  too  large  for  a  single  executive  to 
manage,  consisted  of  a  designing  department  and  a  production 
department,  each  with  a  head  responsible  to  the  manager. 

18  The  first  of  these,  the  one  that  was  the  means  of  embody- 
ing skill  in  the  machinery  and  tools  of  production,  was  highly 
developed  and  organized.  Experiment,  research  and  detailed 
study  were  constantly  resorted  to,  to  aid  in  reaching  the  desired 
result.  The  work  was  highly  specialized  and  the  employees 
highly  paid.  Not  infrequently  the  manager  or  chief  executive 
devoted  much  of  his  own  time  to  this  part  of  the  business. 

19  The  production  department  presented  a  contrasting 
condition.  The  workmen  were  given  the  tools  and  machines 
designed  in  the  drawing  room  and  using  their  own  unaided 
skill  were  expected  to  produce  work  of  the  desired  quality  and 
quantity.  Except  in  rare  instances  no  effort  was  made  to  trans- 
fer the  skill  of  the  management  to  the  production  department 
and  the  employees,  or  to  undertake  the  division  of  executive 
thought.  Very  little  consideration  was  given  to  the  workmen 
as  a  producing  unit. 

FEATURES   OF  THE   CHANGE 

20  Within  the  past  20  or  25  years  certain  changes  have 
taken  place  in  the  attitude  of  many  production  managers  toward 
the  problems  that  they  face  and  the  forces  and  means  that  they 
control.  An  increasing  amount  of  attention  is  being  given  to 
the  worker.  An  early  evidence  was  the  development  of  profit- 
sharing,  premium  and  bonus  systems  to  reward  increased  effort 
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and  output.  There  followed  welfare  work,  industrial  better- 
ment movements,  the  adoption  of  safeguards  and  regulations 
to  minimize  industrial  accidents,  the  substitution  of  the  prin- 
ciple of  accident  compensation  for  employers'  liability  and  an 
improvement  in  the  physical  surroundings  and  conditions  of 
factories.  All  of  these  tendencies  have  been  fostered  and  to  a 
great  extent  initiated  by  employers.  But  even  today  these  arc 
by  no  means  generally  adopted. 

21  Another  tendency,  less  pronounced  in  character,  has  as 
its  object  the  improvement  of  the  personal  relations  between 
employ^  and  employ^  and  between  employe  and  employer.  It 
is  an  effort  to  establish  the  best  of  factory  working  conditions 
in  those  things  not  physical  in  nature,  to  develop  and  maintain 
a  shop  atmosphere  free  from  all  harassing  and  hindering  in- 
fluences. It  is  an  attempt  to  make  use  of  the  results  of  experi- 
mental psycholog}',  in  improving  working  conditions. 

22  But  the  most  important  change  and  one  that  comprehends 
the  others,  is  in  the  mental  attitude  toward  the  problems  of  pro- 
duction. The  tendency  is  toward  an  attitude  of  questioning,  of 
research,  of  careful  investigation  of  everything  affecting  tho 
problems  in  hand,  of  seeking  for  exact  knowledge  and  then  sha})- 
ing  action  on  the  discovered  facts.  It  has  developed  the  use  of 
time  study  and  motion  study  as  instruments  for  investigation, 
the  planning  department  as  an  agency  to  put  into  practice  the 
conclusions  drawn  from  the  results  of  research,  and  methods 
of  wage  payment  which  stimulate  cooperation. 

23  All  of  these  changes  have  affected  the  production  de- 
partment much  more  than  the  designing  department.  The  effect 
is  to  extend  the  principle  of  transference  of*  skill  to  produc- 
tion, so  that  it  completely  embraces  every  activity  in  manu- 
facture. The  skill  of  the  management  is  consciously  transferred 
to  all  of  the  operations  of  the  factory.  This  extension  is  ex- 
pressed by  these  phrases:  the  drawing  room  is  the  planning 
department  of  design,  and  the  planning  department  is  the  draw 
ing  room  of  production. 

NATURE  OF  THE  COMMITTEE'S   INVESTIGATION 

24  To  obtain  information  on  present  conditions  your  com- 
mittee wrote  to  the  recognized  experts,  to  executives  of  plants 
in  many  lines  of  industry,  to  students  of  industrial  problems. 
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and  has  had  many  interviews  with  men  in  these  varions  ftehls. 
The  response  to  our  requests  has  been  in  the  main  most  generous. 
We  are  deeply  indebted  to  the  information  thus  received  for 
a  large  portion  of  the  following  sections  of  this  report.  We 
are  glad  to  take  advantage  of  this  opportunity  to  express  our 
gratitude  to  all  those  wlio  have  given  aid. 

25  Throughout  the  following  pages  there  is  a  plentiful  use 
of  illustrative  quotations.  Many  of  these  are  taken  from  cor- 
respondence resulting  from  our  investigations.  Others  are  from 
the  mass  of  literature  mentioned  in  Paragraph  le. 

2Q  On  some  points  diametricall}^  opposed  views  have  been 
expressed.  In  such  cases  we  have  presented  both.  In  no  case 
has  credit  been  given  for  these  views  or  quotations,  as  the  infor- 
mation w^as  solicited  in  confidence. 

DEFINITION    OF    THE    NEW    ELEMENT    IN    THE    ART    OF    MANAGEMENT 

27  Requests  for  a  definition  of  the  new  element  in  the  art  of 
management  brought  forth  a  difference  of  opinion  as  to  its 
existence.  The  opposed  view  is  given  in  the  following  quota- 
tions : 

"  I  am  not  aware  that  a  new  element  in  the  art  of  management  has  been 
discovered ." 

"  There  liave  been  no  new  discoveries  in  scientific  management  of  indus- 
trial institutions.  Common-sense  men  have  used  common-sense  methods 
always.  The  term  '  scientific  management '  is  a  catch-word  which  assumes 
that  industrial  institutions  have  not  been  scientificallj'  managed — which  is 
not  the  case.  My  experience  and  the  experience  of  my  friends  has  been 
that  there  has  been  no  new  element  injected  into  the  art  of  management." 

"  In  the  writer's  opinion  thei'e  is  veiy  little  that  is  new  about  it  (the  art 
of  management).  There  is  hardly  any  part  of  it  that  has  not  been  practised 
by  managers  for  the  past  300  years.  The  trouble  is  there  are  not  enough 
managers  with  sufficient  initiative  to  set  the  system  moving  properly." 

" the  problem  presented  is  not  the  adoption  of  something  en- 
tirely new ;  but  rather  the  extension  to  every  detail  of  our  work  of  some- 
thing which  wo  have  already  tried." 

28  Turning  now^  to  the  other  side  of  the  question,  from  a 
large  number  of  definitions  of  this  new  element  we  select  the 
following  as  very  nearly  conveying,  taken  together,  the  com- 
plete conception  as  our  investigation  has  disclosed  it : 

"The  best  designation  of  the  new  element  I  believe  to  be  '  scientific  man- 
agement.' This  term  already  has  been  adopted  quite  generally  and  although 
frequently  misused,  carries  with  it  the  fundamental  idea  that  the  manage- 
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iiioiit  of  labor  is  a  process  requiring  tliorougli  cUiulytical  trealiiiciit  and 
involving  scientific  as  opposed  to  '  rule  of  thumb '  methods." 

"  The  writer  ventures  to  define  tlie  new  element  briefly,  hut  broadly,  as  : 
The  critical  observation,  accurate  description,  analysis  an'd  classification  of 
all  industrial  and  business  i)lienoniena  of  a  recurring  nature,  including  all 
forms  of  cooperative  human  effort  and  the  systematic  application  of  the  re- 
sulting records  to  secure  the  most  economical  and  efficient  production  and 
regulation  of  future  phenomena." 

"  Stripped  of  technicalities  the  method  of  the  modern  efficiency  engineer 
is  simply  this :  First,  to  analyze  and  study  each  piece  of  work  before  it  is 
performed ;  second,  to  decide  how  it  can  be  done  with  a  minimum  of  wasted 
motion  and  euergj' ;  third,  to  instruct  the  workman  so  that  he  may  do  the 
work  in  the  manner  selected  as  most  efficient." 

"  The  Taylor  System  is  not  a  method  of  pay,  a  specific  ruling  of  account 
books,  not  the  use  of  high-speed  steel.  It  is  simply  an  honest,  intelligent 
effort  to  arrive  at  the  absolute  control  in  eveiy  department,  to  let  tabulated 
and  unimpeachable  fact  take  the  place  of  individual  opinion ;  to  develop 
'  team  play  '  to  Its  highest  possibility." 

"  As  we  conceive  it,  scientific  management  consists  in  the  conscious  appli- 
cation of  the  laws  inherent  in  the  practise  of  successful  managers  and  the 
laws  of  science  in  general.  It  has  been  called  management  engineering, 
which  seems  more  fully  to  cover  its  general  scope  than  a  science." 

•29  These  quotations  convey  the  ideas  of  a  conscious  effort 
to  ascertain  and  study  facts  and  systematically  to  apply  them 
in  instructing-  the  workmen  and  in  controlling-  every  department 
of  industry.  Setting  these  against  the  underlying  principle  of 
the  transference  of  skill  we  conceive  the  prominent  element  in 
present-day  industrial  nmnagement  to  be:  The  incntal  attitude 
that  consciously  apylies  the  transference  of  skill  to  all  the  ac- 
tivities of  industry. 

30  Here  emphasis  is  placed  upon  the  word  all  for,  as  shown 
in  Pars.  17  and  18,  the  restricted  application  of  this  principle 
to  machines  and  tools  has  been  highly  developed  for  a  long 
period.  But  its  conscious  application  in  a  broad  way  to  the  pro- 
duction departments,  and  particularly  to  the  workmen,  we 
believe  has  been  made  during  the  last  quarter  century. 

RISE    or    THIS    MENTAL    ATTITUDE 

31  The  rise  of  this  change  of  attitude  in  regard  to  industrial 
management  is  shown  in  the  papers  on  the  subject  in  the  Trans- 
actions of  this  Society.  These  are  16  in  number  and  are  listed 
in  Appendix  No.  2  of  this  report.  The  period  covered  is  from 
1886   to   1908.     The   practice   upon   which   several   were   based 
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extended  over  a  number  of  years   before  the  paper  was  pre- 
sented.   Papers  on  accounting  have  been  excluded. 

32  The  first,  Xo.  207,  classifies  management  of  works  as  a 
modern  art  having  a  vast  amount  of  accumulated  experience, 
points  out  that  the  executives  must  have  "  a  practical  knowledge 
of  how  to  observe,  record,  analyze  and  compare  essential  facts 

in  relation  to    all that  enters  into  or  affects  the 

economy  of  production  and  the  cost  of  the  product,"  and  makes 
a  plea  for  the  interchange  of  management  data. 

33  Eight  following  papers,  Nos.  256,  341,  449,  596,  647,  928, 
965  and  1012,  deal  with  methods  of  wage  payment,  showing  the 
increasing  attention  given  to  the  worlonen  during  this  period. 
Of  these  methods  the  "  premium  plan  "  described  in  paper  No. 
449  has  an  extensive  use  today  in  machine  shops.  It  probably 
ranks  third,  in  extent  of  use,  being  exceeded  by  day  work  and 
piece  work  in  the  order  named.  Paper  No.  647  outlines  element- 
ary rate  fixing;  that  is,  the  minute  study  of  each  detail  of  each 
operation.  From  this,  motion  study  and  time  study  have  grown. 
The  "  bonus  sj'stem  "  of  paper  No.  928  also  has  an  extensive 
use,  probably  ranking  fourth. 

34  Paper  No.  1003,  "Shop  Management,"  is  the  first  com- 
plete presentation  of  the  subject.  This  paper  with  the  subse- 
quent writings  of  its  author,  stands  today  as  the  only  compre- 
hensive outline  of  industrial  management.  Papers  Nos.  1001, 
1002,  1010,  1011  and  1115,  are  amplifications  of  certain  features 
of  No.  1003  and  are  based  on  the  same  practice. 

35  Paper  No.  1221  deals  with  the  training  of  workmen,  and 
outlines  practical,  tested  methods  of  bringing  about  the  all- 
important  transference  of  skill, 

LABOR-SAVING    MANAGEMENT 

36  Since  these  papers  were  presented,  and  during  the  de- 
velopment of  popular  interest  in  the  subject,  the  term  "  scien- 
tific management "  has  been  generally  and  loosely  applied  to 
the  new  system  and  methods.  This  is  commonly  taken  to  mean 
that  there  is  a  science  rather  than  an  art  of  management.  A 
truer  interpretation  is  that  it  means  management  using  scien- 
tific methods,  these  being  taken  largely  from  the  sciences  of 
physics  and  psychology. 

37  The  expression  "  labor-saving  management "  better  con- 


THE    ART    OF    INDUSTRIAL    MANAGEMENT  1611 

veys  the  meaning  of  the  movement.  It  has  the  further  advant- 
age of  being  easily  and  surely  understood  because  of  its  strict 
analog}^  with  the  term  '*  labor-saving  machinery."  It  is  no 
chance  that  puts  these  two  terms  labor-saving  machinery  and 
labor-saving  management,  in  conjunction,  for  the  first  is  the 
past  development  and  the  second  the  present  trend  of  industry, 
and  they  will  be  closely  and  inevitably  associated  in  the  suc- 
cessful manufacturing  of  the  future.  Throughout  the  following 
pages  of  this  report  the  terms  "  industrial  management "  and 
''  labor-saving  management "  are  used,  the  first  to  denote  the 
subject  broadly,  the  second  the  newer  attitude. 

THE    REGULATIVE    PRINCIPLES    OF    INDUSTRIAL     MANAGEMENT 

38  The  lack  of  accurate  thinking  and  clear  expression  in 
regard  to  management  are  nowhere  better  shown  than  in  many 
of  the  statements  of  the  so-called  principles.  These  can  be 
divided  into  two  classes,  personal  characteristics  of  managers 
and  mechanical  means  of  applying.  It  is  evident  that  neither 
can  sht)w  us  the  way  in  which  the  activities  of  industry  are  to 
be  regulated. 

39  In  our  investigation  preparing  for  this  report,  one  cor- 
respondent writes  as  follows: 

"The  regulative  principles  of  mauagement  along  scientific  lines  include 
four  important  elements : 

a  Planning  of  the  processes  and  operations  in  detail  by  a  special 
department  organized  for  this  purpose. 

b  Functional  organization  by  which  each  man  superintending  the 
workman  is  responsible  for  a  single  line  of  effort.  This  is  dis- 
tinctly opposed  to  the  older  type  of  military  organization,  where 
every  man  in  the  management  is  given  a  combination  of  execu- 
tive, legislative  and  judicial  functions. 

c  Training  the  worker  so  as  to  require  him  to  do  each  job  in  what 
has  been  found  to  be  the  best  method  of  operation. 

fl  Equable  payment  of  the  workers  based  on  quantity  and  quality 
of  output  of  each  individual.  This  Involves  scientific  analysis  of 
each  operation  to  determine  the  proper  time  that  should  be  re- 
quired for  its  accomplishment  and  also  high  payment  for  the 
worker  who  obtains  the  object  sought." 

40  Another  correspondent  finds  the  solution  of  problems  of 
management  in  the  observing  and  regulating  of  three  classes 
of  industrial  phenomena: 

"  o     The  economic  results  of  different  arrangements  and   forms  of 
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materia Js  and  operations  upon  them,  either  to  produce  equipment 
or  product.  This  covers  the  whole  field  of  recorded  experience 
from  invention  and  design  of  product  and  tools  down  through 
the  successive  shop  processes  to  ultimate  finished  product  and  its 
tests  in  service.  It  is  the  object  of  the  scientific  method  to  make 
tlae  best  of  this  experience,  in  its  essential  details,  readily  avail- 
able for  all  concerned,  and  to  see  that  it  is  actually  absorbed  and 
put  in  practice. 

b  The  economic  results  of  varying  executive  methods  for  effect- 
ively directing  human  efforts  as  a  whole  in  the  use  of  the  above 
experience.  This  covers  the  entire  field  of  building  up,  coordi- 
nating and  controlling  the  supervising  organization  of  a  plant 
witli  its  statistical  and  recording  systems. 

c  The  economic  results  of  steps  taken  to  raise  the  industrial  effi- 
ciency of  the  individual  worker  in  everj'  grade  of  service.  This 
covers  the  whole  problem  of  labor  reward,  intensified  ability,  con- 
served energy  and  the  general  relations  of  employer  and  em- 
ployee." 

41  We  have  pointed  out  that  the  underlying  principle,  that 
is,  cause  in  the  widest  sense,  the  application  of  which  has  built 
up  modern  industry,  is  the  transference  of  skill.  This  basic 
principle  is  put  into  ett'ect  on  the  management  side  of  all  in- 
dustrial activities,  through  three  regulative  principles  which 
sum  up  the  ideas  in  the  above  (}uotations,  Pars.  39  and  40. 
These  have  been  concisely  stated  as^ :  (a)  the  systematic  use 
of  experience;  (7>)  the  economic  control  of  etfort;  (6')  The  pro- 
motion of  personal  effectiveness. 

42  The  first  includes  the  use,  in  all  essential  detail,  of  tradi- 
tional knowledge,  personal  experience  and  the  results  of  scien- 
tific study  on  the  part  of  the  executive  force.  It  implies  the 
accumulation  and  use  of  records  and  the  setting  up  of  standards. 

43  The  second  includes  the  division  and  subsequent  coordina- 
tion of  both  executive  and  productive  labor;  the  planning  of 
single  lines  of  elfort,  the  setting  of  definite  tasks  and  the  com- 
parison of  results;  and  the  elective  training  of  the  workers. 
It  implies  the  previous  acquisition  of  skill  by  the  executives. 

44  The  third  includes  a  definite  allotment  of  respcmsibility 
and  the  adequate,  stimulative  encouragement  and  reward  of  both 
executive  and  pi-oductive  labor;  the  development  of  contented 
workers,  and  the  i)romotion  of  their  physical  and  n^ental  health. 
It  implies  the  most  thorough  comprehension  of  the  human  being. 

^  American  Machinist,  vol.  .36.  p.  857,  The  Principles  of  Management,  by 
('hurch  and  Alford. 
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THE  PRACTICE  OF   MANAGEMENT 

45  As  labor-saving  management  springs  from  a  change  in 
mental  attitude,  the  beginning  of  its  practice  should  be  with  the 
persons  having  the  final  responsibility,  the  proprietors  of 
closely-owned  businesses,  the  directors  of  larger  establishments, 
or  the  officials  having  charge  of  Government  works.  Before 
any  changes  are  made,  such  men  should  clearly  understand  the 
viewpoint  from  which  all  of  the  managerial  work  is  to  be  done, 
the  principles  that  are  to  be  applied,  the  general  method  of 
their  application  and  the  results  expected. 

46  A  similar  mental  attitude  must  be  fostered  among  all 
the  members  of  the  executive  force  and  a  period  of  training 
for  them  begun.  This  may  include  a  redistribution  of  function 
and  responsibility,  and  will  include  a  detailed  study  of  produc- 
tion by  scientific  methods.  This  is  the  period  of  division  of 
thought,  training  of  the  management  stall'  and  setting-up  stan- 
dards of  performance.  This  must  be  carefully  performed  before 
there  can  be  effective  transference  of  skill  to  the  workers  in 
the  production  departments. 

47  The  usual  conception  of  modern  management  is  that  it 
affects  the  Avorkmen  most  of  all,  tending  to  stimulate  them  to 
turn  out  increased  production  to  their  possible  hurt.  This  is 
wrong.  If  the  principles  outlined  are  followed,  the  executive, 
or  non-producing  labor  is  the  most  affected.  Its  individuals 
are  compelled  to  study,  plan  and  direct.  They  must  acquire 
knowledge  and  skill  in  order  to  transfer  it.  It  is  a  system  of 
management  that  forces  the  executives  to  manage. 

48  This  being  so,  the  introduction  of  modern  management 
in  a  plant  must  be  made  slowl3\  The  causes  of  most  so-called 
failures  are  principally  two:  a  failure  of  the  executives  to 
acquire  the  vital  mental  attitude  and  too  great  haste  in  applica- 
tion. The  latter  seems  to  be  the  dominant  one.  Your  com- 
mittee feels  compelled  to  emphasize  the  danger  of  attempting 
to  hurry  any  change  in  methods  of  management.  Each  step 
of  the  work  should  be  made  permanent  before  the  next  is  begun. 

49  We  have  examined  records  of  production  which  clearly 
show  a  lessening  of  individual  output  among  workers  who  had 
been  trained  for  some  time  and  had  achieved  good  results  as 
soon  as  untrained  workers  were  put  with  them,  thus  lessening 
their  share  of  personal  supervision.    Later  the  original  standard 


1614  REPORT    OF    COMMITTEE    ON    ADMINISTRATION 

of  production  was  again  reached,  but  the  results  seemed  to  be 
directly  proportional  to  the  amount  of  skilful  supervision,  dur- 
ing a  lengthy  period  of  training. 

50  After  those  who  are  to  operate  the  new  methods  have 
acquired  the  necessary  knowledge  and  established  sufficient 
standards,  the  work  of  putting  these  into  effect  can  be  begun. 
This  means  the  fixing  of  the  best  attainable  working  conditions 
and  giving  each  worker  definite  tasks  with  an  adequate  reward 
to  each  one  who  attains  to  the  standard  set.  This  part  of  install- 
ing the  methods  must  be  accomplished  with  tact  and  patience, 
remembering  that  leadership  and  example  are  powerful  aids  in 
bringing  about  enthusiastic  cooperation. 

51  The  training  of  the  workers  is  essential  in  this  part  of 
the  application.  This  must  be  far  more  than  mere  demonstra- 
tion, the  mere  showing  that  a  thing  can  be  done.  It  must  be 
patient  teaching  and  help  until  the  required  degree  of  dexterity 
or  skill  is  acquired,  that  is,  up  to  the  habit  stage.  It  is  evident 
that  such  work  cannot  be  hurried. 

52  Such,  broadly,  are  the  three  steps  in  the  practice  of  man- 
agement. It  is  now  necessary  to  investigate  the  internal  ele- 
ments of  permanence  in  such  methods.  If  the  proper  mental 
attitude  is  once  taken,  we  believe  it  will  never  be  given  up.  This 
is  substantiated  by  a  few  cases  when  early  attempts  to  improve 
management  were  failures  and  the  methods  abandoned.  Later, 
however,  other  attempts  were  made  with  substantial  success. 
The  mental  attitude  outlived  the  failure.  Thus  in  a  given 
industrial  organization  this  feature  would  not  be  lost  except 
by  a  loss  of  the  executive  staff. 

53  The  permanence  of  records  of  performance  and  stan- 
dards needs  only  to  be  mentioned  to  be  appreciated.  Once  set 
up  in  an  industry,  disaster  is  invited  if  they  are  disregarded. 

54  To  these  is  added  a  third  in  the  nature  of  a  spur  from  the 
working  forces  to  the  managing  force.  An  adequate  reward 
is  one  of  the  essentials.  Whatever  disturbs  the  mechanism  of 
production  interferes  with  the  earning  of  the  rewards.  The 
workers  at  once  object,  pointing  out  the  trouble  and  insisting 
that  it  be  rectified.  The  management  is  spurred  to  keep  all 
conditions  up  to  the  fixed  standard.  Examples  of  this  action 
have  been  brought  to  the  attention  of  your  committee. 

55  The  practice  as  outlined,  while  built  upon  fixed  standards 
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and  procedure,  is  by  no  means  rigid  and  inflexible  as  has  been 
alleged.  The  design  and  construction  of  labor-saving  machin- 
ery is  carried  on  Avith  a  multiplicity  of  different  details.  Labor- 
saving  management  should  likewise  use  a  variety  of  details 
suited  to  the  requirements  of  different  industries  and  plants. 
There  can  be  nothing  fixed  in  such  human  endeavor  except  the 
underlying  principle.  As  a  simple  matter  of  fact  we  have 
found  different  methods,  details  and  nomenclature  in  use  in 
different  plants.  Many  efforts  have  undergone  marked  change 
and  development  since  first  installed.  Further,  this  idea  of 
rigidity  is  repudiated  by  some  of  the  foremost  management 
experts. 

56  In  Par.  39  is  emphasized  the  need  of  a  scientific  study 
of  everything  connected  with  production.  The  methods  used 
are  adapted  from  the  research  laboratory.  But  the  purpose  of 
their  use  is  changed.  The  scientific  investigator  uses  his  labora- 
tory to  discover  facts.  Their  discovery  and  declaration  is  his 
end  and  aim.  The  management  investigator  uses  laboratory 
methods  to  discover  facts  for  immediate  use.  The  end  and  aim 
is  utility.  This  is  the  test  of  industry.  It  is  therefore  unwise 
and  in  fact  detrimental  to  carry  investigations  to  an  extreme. 
Enough  facts  must  be  observed  to  shape  intelligent  action.  Per- 
sons having  time  study  and  motion  study  in  charge  should 
possess  that  rare,  intuitive,  human  quality  that  causes  its  pos- 
sessor to  know  when  enough  observations  have  been  collected 
to  form  a  sound  working  conclusion. 

57  The  position  of  the  expert  in  the  practice  of  management 
is  more  clearly  seen  as  experience  increases.  The  element  of 
mystery  has  already  departed.  This  is  to  be  welcomed  for  it 
means  the  downfall  of  mere  "  systematizers."  One  of  the  un- 
fortunate features  of  this  great  movement  has  been  the  rise 
of  alleged  experts  who  have  been  ready  to  promise  extravagant 
results  if  they  were  allowed  to  systematize  an  industrial  plant. 
The  test  which  their  work  cannot  meet  is  the  one  of  permanence. 

58  An  industrial  manager  who  has  had  signal  success  in 
directing  large  enterprises  sums  up  the  more  undesirable  char- 
acteristics of  systematizing  practice  as: 

"  a  The  publication  and  quotation  of  statistics  regarding  gains  made 
througti  tlie  use  of  particular  systems,  without  a  frank  state- 
ment of  the  degree  of  inefficiency  of  the  plants  before  reorganiza- 
tion. 
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b  The  failiu'e  to  view  tbe  pluut  from  the  investor's  staDdpolnt  rattier 
than  as  a  haboratory  offering  opportunities  for  interesting  and 
expensive  experience. 

c  The  failure  to  admit  that  every  application  of  past  solutions  to 
unstudied  new  and  different  conditions  is  an  experiment. 

d  The  waste  of  time  and  money  on  problems  that  will  yield  to  scien- 
tific treatment,  but  which  do  not  recur  often  enough  to  justify 
such  a  solution. 

e  The  undervaluing  of  effective  leadership  in  management  and  con- 
sequent lack  of  permanency  in  results. 

f  The  overvalue  of  emasculated  'system'  leading  to  a  curious  non- 
responsibility  on  the  part  of  any  person  for  the  total  result. 

g  The  frequent  assumption  that  the  treatment  of  the  problems  of 
similar  plants  should  be  identical. 

h  The  failure  to  properly  appraise  in  a  growing  concern  the  value 
of  its  internal  asset  of  '  good  will.' 

i  The  imperfect  analysis  and  appreciation  of  the  human  factor  in 
industry,  with  a  consequent  failure  to  reckon  patiently  with 
'  habit '  and  '  inertia  '  and  a  tendency  to  hasty  '  substitution,' 
bringing  about  the  breaking  up  of  valuable  organization." 

59  The  real  expert  concentrates  on  the  facts  of  a  given 
problem,  and  from  a  wide  experience  in  analysis,  coordination 
and  practical  responsibility  works  out  a  solution  by  scientific 
methods,  suited  to  the  material  and  human  factors  involved. 
The  tendency  is  for  him  to  do  less  of  the  detail  work  of  in- 
stallation, but  to  train  and  direct  the  persons  who  are  perman- 
ently to  manage.    This  is  a  true  process  of  transference  of  sldll. 

STATISTICAL    DATA 

60  Your  committee  hoped  to  present  statistics  on  the  extent 
to  which  labor-saving  management  is  in  use.  This  could  not  be 
realized.  Manv  industrial  managers  whom  we  have  addressed 
have  not  honored  us  with  their  confidence  in  this  direction. 
In  fact,  it  seems  as  if  a  secretive  stage  is  now  with  us.  There 
are  two  reasons  for  withholding  such  information.  The  first 
is  identical  with  the  one  that  has  developed  "  trade  secrets  " 
and  secretiveness  in  regard  to  machines,  tools  and  processes,  the 
desire  to  keep  things  of  value  away  from  competitors.  The 
second  is  a  belief  that  in  the  minds  of  some  persons  a  reflection 
is  cast  upon  the  ability  of  the  executives  of  an  industrial  estab- 
lishment if  outside  experts  are  emplo^^ed.  Frequently  a  sys- 
tem of  management  is  referred  to  as  the  development  of  some  one 
in  the  organization,  although  it  was  installed  by  a  management 
expert,  employed  for  the  purpose. 
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Hi  Some  idea  of  the  variety  of  the  industries  in  which  labor- 
saving  management  is  in  use  can  be  gained  from  Appendix 
No.  3,  which  lists  a  total  of  52. 

BROAD    RESULTS    OF    LABOR-SAVING    MANAGEMENT. 

62  In  cases  where  the  use  of  labor-saving  management  can 
be  considered  a  success,  the  broad  results  have  been:  a  reduced 
cost  of  product ;  greater  promptness  in  delivery  with  the  ability 
to  set  and  meet  dates  of  shipment;  a  greater  output  per  worker 
per  day  with  increased  wages;  and  an  improvement  in  the 
contentment  of  the  workers.  This  last  item  is  shown  by  the 
fewness  of  strikes  under  the  new  management,  and  in  the  refusal 
of  those  working  under  the  changed  conditions  to  join  in  a  strike 
of  their  fellows  in  the  same  plant  who  were  not  working  under 
the  new  methods.  This  last-mentioned  situation  has  arisen  a 
nun.ber  of  times.  In  one  case  an  attempt  was  made  to  strike 
a  room  where  about  one-half  of  the  operators  were  under  the 
new  conditions.     These  refused  to  go  out;  the  rest  went. 

63  These  results  indicate  certain  advantages  to  both  eni- 
plo3^er  and  employe.  But  it  is  charged  that  the  movement 
has  not  yet  entirely  justified  itself  from  the  economic  view- 
point, for  it  has  not  reduced  the  cost  of  product  to  the  con- 
sumer. The  implication  is  that  its  possibilities  will  not  be 
realized  until  employers,  employes  and  the  public  are  alike 
benefited.  With  this  view  we  are  in  most  hearty  accord.  Labor- 
saving  machinery  has  brought  the  comforts  that  we  all  enjoy  to- 
da}'.  Labor-saving  management  promises  to  extend  those  com- 
forts. Where  properly  administered  it  is  conserving  labor  and  is 
thus  contributing  to  the  good  of  society  at  large,  and  although 
the  benefit  to  the  consumer  may  not  yet  be  generally  felt,  it  has 
already  developed  to  a  certain  extent  and  will  continue  to  de- 
velop as  the  natural  result  of  increased  production. 

J.  M.  Dodge,  Chairman 

L.  P.  Alford,  Secretary 

D.  M.  Bates 

H.  A.  Evans  (  Members 

Wilfred  Lewis  /  ^u^-Gommittee  on 

W    L   Lyall  (      'Administration 

W.  B.  Tardy 

H.  R.  TowNE 


APPENDICES 

APPENDIX  NO.  1 

G4  The  following  tables  are  taken  from  a  book  published  in  1832,  Econ- 
omy of  Machinery  and  Manufacture,  by  Charles  Babbage.  Table  1  gives 
the  cost  and  operations  in  detail  in  manufacturing  12,000  No.  6  pins  in 
France  in  1760.    The  observations  were  made  by  M.  Perronet. 

65  Table  2  gives  similar  data  fqr  manufacturing  pins  in  England  in  the 
time  of  the  author.    The  size  is  "  eleven  "  of  which  there  are  5546  to  the  lb. 

TABLE   1     OPERATIONS  IN  PIN  MANUFACTURE  IN  FRANCE  IN   1760 


Name  of  the  Process 

Time  of 

Making 

12,000 

Pins,  Hr. 

Cost  of 

Making 

12.000 

Pins,  Pence 

Workman 

usually  Earns 

per  Day. 

Pence 

Expense  of 

Tools  and 

Materials, 

Pence 

1 

Wire 

1.2 
1.2 
,1.2 
0.8 
12 
0.6 
0.5 
0.8 

12.0 

4.8 

0.5 
0.625 
0.875 
0 . 5 
0.3 
0.375 
0.125 
0 .  375 

0.333 

4.5 
10.0 
7.0 
9.375 

4.75 
7.5 
3.0 
5.625 

4.25 

24.75 

2 

Straightening  and  Cutting 

0. 

0. 
0. 

1. 
2. 

3 

1  Turning  Wheel* 

j  Turning  Wheel 

^Cutting  off  Pointed  Ends. 

4 

I  Cutting  off  Heads 

Fuel  to  Anneal  Heads. .  .  . 

125 

6 

/  Tartar  for  Cleaning 

1  Tartar  for  Whitening 

5 
5 

0  5 

2.0 

7 

0 

.  Wear  of  Tools 

0 

24.3 

4.708 

♦  The  expense  of  turning  the  wheel  appears  to  have  arisen  from  the  person  so  orcupied  being 
unemployed  during  half  his  time,  whilst  th<i  pointer  went  to  another  manufactory. 
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TABLE  2     OPERATIONS  IN  PIN  M.4.MUFACrURE   IN  ENQLAND  A  BOUT  1830 


Name  of  the  Process 


Drawing  Wire 

Straightening  the  Wire 

Pointing 

Twisting  and  Cutting  the 

Heads 

Heading 

Tinning,   or   Whitening 

Papering 


Work- 
men ♦ 

Time  of 
Making 

1  Lb. 
of  Pins, 

Cost  of 
Making 

1  Lb. 
of  Pins, 

Workman 

Earns 
per  Day 

Hr. 

Pence 

9.      d. 

Man 

0.3636 

1.2500 

3     3 

(Girl 
\  Woman 

0.3000 
0.3000 

0.1420 
0.2840 

0  6 

1  0 

Man 

0.3000 

1.7750 

5    3 

/Boy 

\Man 

0.0400 
0.0400 

0.0147 
0.2103 

0     4M 

5     4J.$ 

Woman 

4.0000 

5.0000 

1     3 

f  Man 
I.  Woman 

0.1071 
0.1071 

0.6666 
0.3333 

6     0 
3     0 

Woman 

2.1314 

3.1973 

1     6 

7 . 6892 

12.8732 

Price  of 

Making  Each 

Part  of  a 

Single  Pin 

in  Miliionths 

of  a  Penny 


225 
26 
51 

319 

3 

38 

901 

121 
60 

676 


2320 


♦Number  of  Persons  Employed:  Men,  4;  Women,  4;  Children,  2.     Total,  10, 


APPENDIX  NO.  2 

66    Following  is  a  complete  list  of  papers  published  in  the  Transactions  of  The 
American  Society  of  Mechanical  Engineers  dealing  with  industrial  management: 

No, 
207 
256 
341 
449 
596 


The  Engineer  as  an  Economist 

A  Problem  in  Profit  Sharing 

Gain  Sharing 

The  Premium  Plan  of  Paying  for  Labor 

The  Relation  of  the  Drawing  Office  to  the 

Shop  in  Manufacturing 

647     A  Piece-Rate  System 

928    A  Bonus  System  for  Rewarding  Labor 

965     Gift  Propositions  for  Paying  Workmen 

1001  The  Machine-Shop  Problem 

1002  A  Graphical  Daily  Balance  in  Manufacture 

1003  Shop  Management 

1010  Slide  Rules  for  the  Machine  Shop  as  a  Part 

of  the  Taylor  System  of  Management. . .  . 

1011  Modifying  Systems  of  Management 

1012  Is  Anything  the  Matter  with  Piece  Work?.. 
1115     A  History  of  the  Introduction  of  a  System 

of  Shop  Management 

1221     Training  Workmen  in  Habits  of  Industry 
and  Cooperation 


Henry  R.Towne....  1886 

Wm.  Kent 1887 

Henry  R.  Towne...  1889 

F.  A.  Halsey 1891 

A.W.Robinson....  1894 

Fred.  W.  Taylor. . . .  1895 

H.  L.  Gantt 1902 

Frank  Richards 1903 

Charles  Day 1903 

H.  L.  Gantt 1903 

Fred.  W.  Taylor....  1903 

Carl  G.  Barth 1904 

H.  L.  Gantt 1904 

Frank  Richards 1904 

James  M.  Dodge. . . .  1906 

H.  L.  Gantt 1908 
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APPENDIX  NO.  3 

67     Following  is  a  list  of  the  industries  in  which  some  form  of  labor- 
saving  management  has  been  Installed  : 


Book  binding 
Building  construction 
Carriage  and  wagon  building 
Construction   and   repair  of   vessels 

(navy  yards) 
Fire-arms  and  ordnance 

RiHes 

Gun  carriages 
Machinery  building 

Automobiles 

Agricultural  implements 

Coal-handling  machinery 

Electrical  machinery 

Founding,  iron  and  brass 

General  machine  work 

Gas  engines 

Locomotives 

Machine  tools 

Molding  machines 

Pumps 

Pneumatic  toools 

Sewing  machines 

Typewriters 

Wood-working  machinery 
Metal  and  coal  mining 
Metal  working 

Bolts  and  nuts 

Chains 

Hardware 

Tanks 


Tin  cans 

Valves  and  pipe  fittings 
Miscellaneous  manufacturing 

Beer 

Beet  sugar 

Boxes   (wood  and  paper) 

Buttons 

Clothing 

Cordage 

Food  products 

Furniture 

Flour 

Glass 

Lumber  products 

Pianos 

Paper  and  paper  pulp 

Rubber  goods 

Soaps 

Shoes 

Slate  products 
Printing  and  lithographing 
Railroad     maintenance     of     motive 

power 
Steel  manufacture 
Textile  manufacture 

Bleaching  and  dyeing 

Cottons 

Velvets 

Woolens 


THE    PRESENT    STATE    OF    THE    ART   OF 
INDUSTRIAL  MANAGEMENT 

MINORITY  REPORT  OF  SUB-COMMITTEE  ON  ADMINISTRATION 

1  am  unable  to  sign  the  majority  report  in  its  entirety,  much  as  I 
admire  the  thoroughness  with  which  it  has  been  prepared  and  its 
great  interest.  In  its  general  tenor  it  distinctly  implies  the  de- 
sirability of  what  is  termed  labor-saving  management,  involving  the 
planning  department,  functional  organization  and  the  bonus  system. 
Perhaps  this  statement  is  not  strictly  justified,  but  I  cannot  avoid 
the  impression  after  reading  the  report  most  carefully.  That  the 
methods  of  management  have  undergone  a  great  change  in  recent 
years  I  certainly  agree.  I  would  explain  it  by  stating  that  in  many 
respects  the  art  of  management  is  developing  into  a  science.  In 
common  with  most  lines  of  work,  the  method  of  investigating  facts 
has  changed.  Phenomena  are  analyzed,  information  is  obtained 
accuratelj'',  the  mental  attitude  of  the  manager  is  scientific  rather 
than  empirical.  Things  that  used  to  be  known  generally  by  gradual 
experience  are  now  known  specifically  by  detailed  observation.  In 
the  course  of  this  development  many  new  systems  and  ideas  have 
been  invented,  time  studies,  motion  study,  payment  systems,  func- 
tional management,  etc.  Some  are  new,  others  partly  new,  others 
simply  practices  of  many  managers  put  into  definite  form.  The 
science  of  management  will  classify  these  for  us,  perhaps  even  ex- 
plain their  advantages  and  limitations  so  that  we  may  in  time  know 
which  is  preferable  and  when. 

2  But  the  introduction  of  the  use  of  these  methods  has  been 
attended  by  claims  as  to  the  results  that  might  be  obtained  by  their 
use,  and  these  claims  have  led  to  such  absurd  statements  as  that 
made  before  the  Interstate  Commerce  Commission,  which  is  referred 
to  in  the  report.  I  feel  most  strongly  that  each  of  the  suggestions 
that  have  been  made  to  improve  methods  of  management  may  have 
merit,  but  I  do  not  feel  that  any  one  of  them  is  a  panacea  for  all  our 
inefficiency.  For  instance,  in  certain  classes  of  work  time  studies 
are  valuable,  in  others  they  may  be  a  waste  of  time.     In  certain 
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classes  of  work  I  consider  piece-work  or  bonus  systems  desirable,  in 
others  I  consider  them  inferior  to  day  work.  Functional  management 
may  be  an  improvement  in  certain  industries,  in  others  I  do  not 
consider  it  suitable.  In  some  cases  the  workman  can  be  trained  by 
the  skilled  executive,  in  others  he  can  train  him  with  ease. 

3  In  general  I  feel  that  labor-saving  management  is  not  any 
particular  system,  but  will  always  remain  the  art  of  selecting  and 
applying  the  most  appropriate  methods  furnished  by  the  science  of 
management,  the  science  that  records  what  these  methods  are  and 
the  results  obtained  from  them.  As  you  will  see,  I  agree  with  your 
correspondent  in  his  last  paragraph,  quoted  under  Par.  28;  but  his 
opinion  is  not  really  represented  in  the  trend  of  the  report. 

H.  H.  Vaughan 
Member,  Sub-Committee  on  Administration 


AIR  IN  SURFACE  CONDENSATION 

By  Geo.  A.  Orrok 

ABSTRACT  OF  PAPER 

This  paper  is  an  addition  to  the  author's  paper  on  the  Transmission  of  Heat 
in  Surface  Condensation  and  gives  the  results  of  his  investigations  on  the  amount 
of  air  present  in  feedwater  and  the  presence  and  effect  of  air  in  surface  con- 
densers, and  describes  an  apparatus  for  measuring  the  air  leakage. 
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AIR  IN  SURFACE  CONDENSATION 

By  Geo.   A  Orrok,   New  York 
Member  of  the  Society 

In  the  paper  on  The  Transmission  of  Heat  in  Surface  Con- 
densation^  the  subject  of  the  effect  of  air  on  vacuum  and  heat 
transference  was  considered  and  reference  was  made  to  the  few 
authorities  who  had  investigated  this  subject.  The  author  was 
unable  to  find  that  any  one  had  quantitatively  measured  the  air 
in  a  condenser,  except  J.  A.  Smith  who  had  introduced  known 
quantities  of  air  and  noted  the  effect  on  vacuum  and  heat  trans- 
ference. 

2  In  view  of  the  lack  of  knowledge  of  this  subject  the  author 
determined  to  investigate : 

a  The  amounts  of  air  contained  in  feedwater  and  those 
entering  the  condenser  through  the  prime  mover. 

h  The  amounts  of  air  removed  from  the  condenser  by 
means  of  the  air  pump. 

G  The  effect  of  known  quantities  of  air  on  the  action  of 
a  surface  condenser  of  commercial  size, 

3  The  problem  of  air  in  the  feedwater  has  been  investigated 
by  Smith  whose  paper  appeared  in  London  Engineering,  Octo- 
ber 7,  1904.  He  gives  a  table  showing  that  the  gases  present 
in  various  samples  of  fresh  and  salt  water  varied  from  approxi- 
mately 7/10  of  one  per  cent  to  as  much  as  31/2  per  cent  by  volume. 
He  also  investigated  the  emission  of  gas  from  water  when  heated 
to  about  the  boiling  point  and  gave  figures  and  curves  showing 
his  results. 

4  The  author's  investigations  were  made  at  the  Waterside 
Xo.  2  station  of  the  New  York  Edison  Company  and  the  water 
samples  were  taken  both  from  the  suction  and  discharge  sides 

'  Trans.  Am.Soc.M.E.,  vol.  32,  p.  1139. 
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New  York.     All  papers  are  subject  to  revision. 
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of  the  feed  pump.  The  average  temperature  of  the  feedwater 
during  the  tests,  after  having  passed  the  heater,  was  about 
190  deg.  fahr.  It  was  thought  possible  that  there  might  be  aii- 
bubbles  mechanically  entrained  in  the  water,  besides  the  amount 
of  air  in  solution.  To  determine  the  amount  of  this  entrained 
air  samples  of  the  water  were  allowed  to  flow  through  the  ap- 
paratus which  is  shown  in  Fig.  1.     The  water  entered  through 


Fig.  1    Apparatus  used  to  determine  Amount  of  Air  Mechanic.'Vlly 

ENTRAINED   IN   WaTBR 


the  tube  F  and  passed  to  the  top  of  the  measuring  cylinder 
where  the  air  separated  and  was  collected  at  the  top  of  the 
cylinder;  the  water  flowed  out  of  the  cylinder  through  the  tube 
B  into  the  glass  demijohn  where  it  was  measured.  These  tests 
were  started  with  the  apparatus  entirely  filled  with  water.  The 
air  collected  was  measured  at  atmospheric  pressure  by  means 
of  the  pressure-regulating  cylinder  D.  The  temperature  of  the 
air  was  determined  by  the  thermometer  E.  The  amount  of  air 
dissolved  in  the  feedwater  was  determined  chemically  by  means 
of  the  following  reactions: 
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2Mn(OH)2+02=2H2Mn03 
2H„Mn03+8Hcl==2MnCL+6H204-2Cl, 

4KI+20l2:=-iKCl+-2l, 

5  The  free  iodine  liberated  was  titrated  with  a  solution  of 
sodium  thiosulphate  of  laiown  strength  and  its  amount  deter- 
mined. From  this  amount  the  quantity  of  oxygen  in  solution 
in  the  sample  of  water  taken  was  calculated.  The  amount  of 
air  in  solution  was  then  figured  from  the  known  ratios  of  oxy- 
gen and  nitrogen  in  solution  in  water  at  various  temperatures. 
The  determination  in  this  way  may  be  considered  quite  accurate. 

6  This  determination  of  air  in  water  was  also  made  of  a 
number  of  samples  of  Croton  water  (the  make-up  feed)  and 
from  hot  well  water.  The  following  results,  in  per  cent,  were 
obtained  of  air  by  volume  at  atmospheric  pressure: 

187  d^.  fahr. 

Mechanically  entrained  in  feedwater,  average  of  ten  tests 0.0151 

In  solution  in  feedwater,  average  of  ten  tests 0.916 


Total  air  in  feedwater  from  open  heaters 0.931 

52  deg.  fahr. 
In  solution  in  Croton  water,  average  of  three  samples 4.325 

80  deg.  fahr. 
In  solution  in  hot  well  water,  average  of  four  tests 0.269 

7  These  results  show  that  Croton  water  gives  otf  most  of 
its  dissolved  air  in  passing  through  the  open  heaters,  the  amount 
of  air  occluded  in  the  feedwater  (0.931  per  cent)  being  com- 
parativelv  small.  At  81  deg^  fahr.  and  2  in.  of  mercury  abso- 
lute pressure  when  saturated  with  water  vapor,  this  amount 
of  air  would  occupy  only  1/17  of  the  volume  of  the  condensed 
steam. 

8  The  results  obtained  accord  well  with  reports  from  other 
sources,  although  the  author  could  find  but  little  quantitative 
information  on  the  subject.  The  fact  was  established,  however, 
that  very  little  air  came  into  the  condenser  from  the  feedwater. 

9  Having  obtained  the  portions  of  air  which  enter  the  prime 
mover  along  with  the  steam,  the  next  object  of  investigation  was 
to  determine  the  amount  of  air  abstracted  from  the  condenser 
by  the  air  pump.  Here  again  there  were  no  precedents  but  it 
was  determined  to  catch  the  air  over  water  in  a  gasometer.  For 
this  purpose  the  discharge  pipe  of  the  air  pump  was  piped  to  a 
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gasometer  bell  located  in  the  basement   in  tlie   vicinity  of  tlie 
air  pump.    A  sketch  phm  of  this  outfit  is  shown  in  Fig.  2. 

10  After  the  air  pump  had  been  running  for  a  sufficient 
time  to  make  sure  that  the  conditions  were  constant,  the  valve 
was  opened  and  tlie  discharge  from  the  air  pump  was  allowed 
to  enter  the  bell  allowing  it  to  rise.  The  time  required  to  fill  the 
bell  Avas  noted  with  a  stop  watch  and  from  these  data  the 
amount  of  air  delivered  was  calculated.  The  air  in  the  bell 
was  brought  to  atmospheric  pressure  and  temperature  before 
the  final  readings  were  taken. 

11  Other  tests  were  made  Avith  the  pump  shut  off  from  the 
condenser  to  determine  the  air  leakage  in  the  pump  itself  and 
also  with  the  suction  piping  blanked  off  at  the  condenser  to 
determine  the  pipe  leakage. 

12  In  a  number  of  cases  these  readings  showed  excessive 
leakage  in  the  condenser  shell  w^hich  was  remedied  before  the 
final  readings  were  taken.  A  second  apparatus  has  been  pro- 
vided for  Waterside  No.  1  and  both  stations  at  the  present  time 
are  so  arranged  that  in  a  few  hours  the  air  leakage  of  all  the 
air  pumps  as  well  as  the  condensers  may  be  tested.  This  is  a 
great  help  in  operating  and  serves  a  useful  purpose  in  enabling 
attention  to  be  given  where  there  was  no  indication  formerly  of 
leakage. 

13  A  great  many  air  tests  have  been  made  on  all  of  the  units 
in  the  two  stations.  Usually  readings  were  taken  during  the 
time  necessary  to  fill  the  bell  (from  1  to  20  minutes)  of  the  air 
temperature  in  the  bell,  the  air  suction  temperature,  air  dis- 
charge temperature,  vacuum  at  the  top  of  the  condenser,  vacuum 
in  the  air  suction  line  to  the  pump,  hot  well  temperature,  cir- 
culating water  inlet  and  outlet  temperature,  amount  of  cylinder 
cooling  water  with  its  inlet  and  outlet  temperatures,  revolu- 
tions per  minute  of  the  pump,  power  delivered  by  the  prime 
mover  and  sometimes  indicator  cards  on  both  air  and  steam 
cylinders.  Table  1  shows  a  collection  of  some  of  the  more  in- 
teresting of  these  tests. 

14  In  the  experimental  apparatus  used  to  obtain  the  data 
for  the  paper  on  The  Transmission  of  Heat,  it  was  impossible 
to  detect  any  difference  of  temperature  due  to  the  segregation 
of  air  in  the  various  parts  of  the  single  tube  condenser.  On 
the  large  condensers  on  which  these  air  tests  were  made  such 
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a  difference  of  pressure  and  temperature  does  exist,  the  differ- 
ences of  pressure  being  quite  strongly  marked.  The  curves  for 
a  number  of  these  condensers,  showing  the  increase  in  drop 
with  the  increase  in  amount  of  steam  consumption,  are  illustrated 
in  Fig.  3. 

15     A  number  of  experiments  were  made  to  find  if  this  dro]) 
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Fig.  3     Curves  showing  Relation  between  Load  and  Drop  through 

Condenser 


was  continuous  through  the  tube  surface  or  whether  there  were 
restrictions  concentrating  the  drop  in  one  or  more  places,  and 
a  number  of  experiments  were  made  to  reduce  the  amount  of 
drop  by  taking  out  tubes  thus  opening  channels  into  the  body 
of  the  tube  surface.  The  results  here  were  apparently  negative. 
16  To  ascertain  the  effect  of  known  quantities  of  air  on  the 
vacuum  suitable  orifices  of  various  sizes  were  installed  at  the 
top  of  the  conden.ser  so  that  the  introduced  air  might  mix  with 
the  incoming  steam.  These  orifices  were  the  ordinary  circular 
orifices  through  thin  plates  and  the  amounts  of  air  entering 
the  condenser  were  checked  up  by  the   air  delivered  into  the 
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air  bell  from  the  air  puiup.    These  results  are  shown  in  Fig.  4. 

17  The  tests  in  each  case  were  run  at  constant  load  which 
was  considerably  below  the  capacity  of  the  condenser. 

18  Four  sets  of  tests  were  run  to  determine  the  effect  of 
load  on  air  leakage,  two  on  machines  which  were  in  bad  condi- 
tion and  tAvo  on  comparativelj''  tight  n^achines.  The  results  are 
shown  in  Fig.  5.  It  should  be  noted  that  in  every  case  the  air 
leakage  is  less  at  the  higher  loads. 
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Fig.  4     Curves  showing  Effect  of  Air  Leakage  at  Constant  Load 


19  In  the  paper  on  The  Transmission  of  Heat  it  was  inferred 
from  Smith's  curves  that  the  heat  transfer  varied  as  the  fifth 

power  of  the  ratio  — ^.     Since  that  time  many  tests  have  been 

run  from  which  sufficient  data  to  calculate  this  relation  were  ob- 
tained, and  the  results  are  shown  in  Fig.  0.  None  of  the  tests 
approach  the  capacity  of  the  tube  surface  but  the  results  are  con- 
sistent. 

CONCLUSIONS 

20  Where  open  heaters  are  used  very  little  air  is  carried  to  the 
prime  mover  with  the  steam.     The  volume  of  this  air  at  at- 
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ttiosplieric  pressure  and  temperature  will  probably  not  exceed 
1  per  cent  of  the  A'olume  of  the  feedwater.  As  the  whole  system 
is  under  pressure  from  the  pump  nearly  to  the  final  stage  of 
the  turbine  no  air  leakage  can  take  place  up  to  that  point. 

21  The  air  discharged  by  the  dry  air  pump  at  atmospheric 
pressure  and  temperature  from  units  between  5000  kw.  and  20,000 
kw.  in  size  varies  from  1  cu.  ft.  per  min.  when  the  units  are  in  the 
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Fig.  5     Curves  showing  Effect  of  Load  upon  Air  Leakage 


best  condition,  to  15  or  20  cu.  ft.  where  ordinary  leakage  is 
present,  and  to  30  or  perhaps  40  or  50  cu.  ft.  where  the  units 
are  in  ver}^  bad  condition. 

22  Most  of  this  leakage  comes  into  the  condenser  and  exhaust 
passages  through  minute  leaks  in  the  cast-iron  shells,  gaskets, 
and  expansion  joints.  It  is  exceedingly  difficult  to  detect  these 
leaks  with  a  candle  flame  but  most  of  them  may  be  detected  by 
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filling  the  condenser  with  warni  water  under  a  slight  head. 
That  portion  of  the  leakage  occuring  in  the  dry  air  pump  and 
piping  may  be  detected  by  the  shut-off  test  on  the  pump.  The 
volume  of  this  leakage  is  larger  than  generally  supposed  and 
is  much  larger  when  the  pump  is  warm. 

23     The  drop  in  vacuum  through  condensers  of  standard  de- 


FiG.  0     Curves  showing  Relation  between  Ratio    -  and  Heat  Transfer 

Pi 

sign  is  larger  than  it  should  be  and  a  design  which  freely  admits 
the  steam  to  the  tube  surface  should  give  better .  results.  The 
opening  of  channels  into  the  surface  wall  not  always  improve 
conditions.  The  results  indicate  that  wide  shallow  condensers 
should  give  better  results  although  in  at  least  tv^o  instances  deep 
narrow  condensers  gave  good  results. 

24  The  falling  off  of  vacuum  with  increased  air  leakage  is 
considerable  and  the  work  necessary  to  maintain  tight  con- 
densers more  than  pays  for  itself. 
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25  Air  leakage  decreases  with  an  increase  of  load.  This  fact 
in  some  measure  corrects  the  decrease  of  vacumrn  at  the  increased 
loads. 

26  The  exponent  of  the  ratio    -      on  page  1161  of  Volume 

32  of  the  Transactions  of  the  Society  may  be  changed  from  5  to  2 
pending  further  experiments  to  establish  a  better  value. 

27  During  these  experiments  in  which  four  different  kinds 
of  dry  air  pumps  were  investigated  it  became  evident  that  the 
volumetric  efficiency  of  a  pump  working  between  i^  lb.  and  15 
lb.  absolute  is  very  poor  indeed.  The  difficulties  of  keeping 
valves,  pistons,  glands  and  packing  tight  against  such  a  tenuous 
fluid  as  air  at  vacuum  pressures  are  of  much  greater  moment 
than  is  usually  believed.  It  is  hoped  that  some  of  the  types  of 
kinetic  air  pumps  now  being  placed  on  the  market  will  reduce 
these  difficulties  to  a  practical  amount. 

28  Considerable  difficulty  was  experienced  in  securing  vacu- 
um temperatures  during  these  experiments  and  most  of  the 
work  has  been  repeated  a  number  of  times  where  such  tempera- 
tures are  essential.  It  has  been  impossible  up  to  the  present 
time  to  secure  readings  which  were  entirely  consistent  and  the 
work  along  this  line  will  be  carried  on  until  the  cause  of  the 
discrepancy  is  ascertained  and  correct  figures  obtained. 

29  The  author  wishes  to  acknowledge  the  efficient  aid 
rendered  him  in  conducting  these  experiments  by  his  assistants, 
Messrs.  E.  B.  Eickets,  J.  H.  Lawrence  and  J.  S.  Kerins,  and 
by  P.  E.  Reynolds,  engineer  of  tests. 


MEASUREMENT  OF  NATURAL  GAS 

By  Thos.  R.  Weymouth 
ABSTRACT  OF  PAPER 

In  the  measurement  of  natural  gas  there  are  two  distinct  requirements  to  be 
met.  The  first  relates  to  the  determination  of  the  open  flow  capacity  of  gas 
wells,  for  which  two  principal  methods  are  used,  namely,  the  "minute  pressure" 
measurement  and  the  pitot  tube.  This  paper  describes  these  methods,  giving 
the  proper  formulae  to  be  used  with  them. 

The  second  requirement  is  that  of  the  measurement  of  flow  in  closed  pipes. 
While  large  proportional  meters,  are  used  extensively  for  this  purpose,  the  high 
pressures  often  encountered  have  a  tendency  to  introduce  serious  errors,  making 
it  necessary  to  resort  to  more  accurate  devices.  Of  these,  the  best  known  are 
described,  namely,  the  Thomas  electric  meter,  the  ventm'i  meter,  the  pitot  tube, 
and  the  orifice.  The  general  formulae  are  given  for  the  last  three  named,  to- 
gether with  their  derivations. 
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MEASUREMENT  OF  NATURAL  GAS 

By  Thos.  R.  \\eymoutu.  Oil  City,  Pa. 
Member  of  the  Society 

One  of  the  most  important  problems  encountered  in  natural  gas 
engineering  is  the  accurate  measurement  of  gas  in  large  volumes. 
For  the  purpose  of  discussion,  the  subject  can  be  divided  into  two 
general  classifications,  namely,  open  flow  and  closed  flow  measure- 
ments. The  first  relates  principally  to  the  determination  of  the 
volume  of  gas  a  well  is  capable  of  producing,  while  the  second  refers 
to  all  closed  pipe  flows. 

2  Under  the  first  head,  there  are  two  general  methods  in  use 
for  measuring  the  open  flow  of  a  well,  that  is,  the  quantity  of  gas 
the  well  is  capable  of  producing  against  an  absolute  back  pressure 
of  one  atmosphere.  The  first  of  these  is  purely  approximate,  and  is 
called  the  "minute  pressure"  measurement,  wherein  the  well  is  per- 
mitted to  blow  into  the  air  until  its  "head"  is  blown  off,  and  is  then 
suddenly  closed  in  by  a  quick-acting  gate,  the  accumulated  pressure 
being  noted  at  the  end  of  one  minute  from  the  time  the  gate  is  closed. 
Then,  Q,  the  open  flow  capacity  of  the  well  in  cubic  feet  per  day, 
on  an  atmospheric  pressure  base  of  14.4  lb.  per  sq.  in.  absolute,  be- 
comes 


Q  =  1440  y|Pm+Po_Po]      -^^^Q  7^  =  100  Vv. 
i       Po  Po\  Po 


[1] 


in  which 

V  =  volume  of  well  tubing  in  cu.  ft. 
pm  =  minute  pressure  in  lb.  per  sq.  in.  gage 
Po  =  atmospheric  pressure  in  lb.  per  sq.  in.  absolute 
3     This  equation  assumes  that  while  the  gas  is  flowing  freely  into 
the  air,  the  well  is  filled  with  it  at  a  uniform  pressure  of  one  at- 
mosphere, and  at  the  end  of  one  minute  it  is  filled  with  gas  at  a 
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uniform  pressure  equal  to  the  minute  pressure.  Neither  of  these 
assumptions  is  correct,  since  in  both  cases  there  is  a  gradually  in- 
creasing pressure  from  the  top  of  the  well  towards  the  bottom, 
similar  to  that  in  a  pipe  line.^  The  resulting  errors  tend  to  counter- 
act each  other,  however,  and  if  care  is  taken  in  making  the  measure- 
ments a  comparative  idea  will  be  obtained  of  the  abihty  of  the  well 
to  produce  gas  against  a  back  pressure  equal  to  a  mean  between  the 
atmosphere  and  the  minute  pressure.  Since  the  open  flow  will  be 
greater  than  the  flow  against  this  back  pressure,  the  assumption  that 
the  minute  pressure  gives  an  open  flow  measurement  errs  on  the 
side  of  conservatism. 

4  The  second  method  of  open  flow  measurement  is  that  by 
means  of  the  pitot  tube,  and  is  the  one  generally  used  for  accurate 
determinations  of  well  capacities.  This  method  has  been  described 
in  detail  by  Prof.  S.  W.  Robinson,-  who  was  probably  the  first  to 
use  it  in  connection  with  gas.  The  method  was  further  discussed 
by  him  in  the  Geological  Reports  of  Ohio,^  wherein  tables  are  pub- 
lished by  means  of  which  the  flow  may  be  computed  from  the  pitot 
tube  observations.  These  tables  have  been  in  general  use  by  natural 
gas  men  for  many  years,  and  are  based  on  the  formula 

Q=l,462,250  d4(^j-lY [2] 

5  Equation  [2]  was  derived  from  the  formula  for  adiabatic  flow 

^.^2jnXlUP_MPA^A f3] 

(n-l)5      iVPo/  i 

In  equations  [2]  and  [3] 

V    =  velocity  of  flowing  gas,  ft.  per  second 

Po  =  absolute  pressure  of  atmosphere,  lb.  per  sq.  in. 

■n    =  ratio  of  specific  heats 

5    =  weight  per  cu.  ft.  of  gas  at  pressure  P© 

G   =  specific  gravity  of  gas,  air  =1.0 

Pi  =  absolute  pressure  shown  by  pitot  tube,  lb.  per  sq.  in. 

d    =  internal  diameter  of  well  mouth,  in. 

Q   =open  flow  capacity  of  well,  cu.  ft.  per  24  hr. 

6  In  computing  his  tables,  Professor  Robinson  used  the  following 
values  for  these  quantities: 

'  Problems  in  Natural  Gas  Engineering,  The  Journal,  Am.  Soc.  M.  E.,  May 
1912,  p.  723,  Fig.  5. 

-  Van  Nostrand's  Engineering  Magazine,  August  1886. 
3  Vol.  6,  1888. 


THOS.    R.   WEYMOUTH  1641 

n   =1.408 
2(7=64.3 
i^=14.6 
G   =0.6 

8  =0.0807— G 
T 

T  =To=rs  =  492  (leg. 

\vhor(i 

To  =  absolute  temperature  of  melting  ice 

T  =  absolute  temperature  of  flowing  gas 

Ta  =  absolute  temperature  of  storage 
all  being  in  fahrenheit  degrees. 

7  The  ratio  of  specific  heats  for  natural  gas  is  more  nearly  equal 
to  1.266  than  to  the  value  used  above.  Inserting  this  value  and 
using  values  for  the  other  quantities  as  follows: 

T  =500  deg. 
Ts=520  deg. 
Po=14.4 

Storage  Pressure,  Ps=  14.65 
the  formula  becomes 

(3  =  1,758,560  d4(~j      -Ip [4[ 

8  At  60  lb.  gage  pressure  per  sq.  in.  (the  highest  given  by  Pro- 
fessor Robinson),  formula  [4]  makes  the  flow  about  1  per  cent  lower 
than  that  derived  from  formula  [2],  whereas  at  1  lb.  it  gives  a  result 
about  4  per  cent  higher. 

9  The  open  flow  measurement  is  not  required  with  the  same 
degree  of  accuracy  as  that  of  closed  flow,  where  gas  is  being  bought 
and  sold,  and  at  best  is  only  intended  to  give  a  fair  idea  of  the  pro- 
duction. Even  if  an  accurate  measurement  were  made  it  would 
give  no  precise  notion  of  the  real  productive  value  of  the  well  when 
it  must  feed  into  the  line  against  a  high  back  pressure.  Conse- 
quently, if  it  is  desired  to  know  the  capacity  under  these  conditions 
it  is  best  to  insert  a  pitot  tube  into  the  lead  line  from  the  well  while 
operating  under  normal  conditions.  This  involves  the  second  divi- 
sion of  the  subject,  namely,  closed  flow  methods  of  measurement. 

10  In  closed  flow  measurements  of  gas  where  the  volumes  are 
small  and  the  pressures  are  low,  the  ordinary  positive  gas  meters 
are  satisfactory,  but  for  wholesale  measurement  some  other  type  of 
meter  must  be  adopted  because  of  the  prohibitive  size  of  the  positive 
type  necessitated  by  large  flows.    The  matter  is  further  complicated 
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by  the  fact  that  usually  when  gas  is  bought  or  sold  in  large  quan- 
tities it  must  be  measured  under  varying  pressures,  necessitating  the 
use  of  a  correction  factor  to  reduce  the  meter  readings  to  quantities 
on  a  standard  pressure  base.  There  are  many  different  types  of 
proportional  meters  in  use  for  this  purpose,  equipped  with  recording 
gages.  The  meter  registration  is  then  multiplied  by  a  factor  de- 
pendent upon  the  record  of  the  gage  in  order  to  correct  it  to  volumes 
based  on  the  proper  buying  or  selling  pressure. 

11  In  addition  to  proportional  meters  there  are  a  number  of 
other  devices  in  use  which  aim  to  attain  a  higher  degree  of  accuracy, 
among  which  the  most  prominent  are  the  venturi  meter,  the  Thomas 
electric  meter,  the  orifice,  and  the  pitot  tube. 

12  The  venturi  meter  is  used  principally  for  low  pressure  meas- 
urements, and  while  extremely  accurate,  is  handicapped  by  possess- 
ing a  complicated  formula  for  the  expression  of  volumes,  which  ren- 
ders very  tedious  the  computation  of  results  from  its  records,  and 
which  demands  a  knowledge  of  the  ratio  of  specific  heats  of  the  gas 
at  constant  pressure  and  constant  volume,  respectively.  This 
formula  is  as  follows:  ^ 


!■ 


r 


m) 


[5] 


1- 


wherein 

Q  =flow,  cu.  ft.  per  hr.,  on  absolute  pressure  and  tempera- 
ture bases  Ps  and  Tb 

n  =  ratio  of  specific  heats 

G  =  specific  gravity  of  gas 

^i  =  area  of  venturi  meter  at  entrance,  in  sq.  ft. 

A2  =  area  of  venturi  meter  at  throat,  in  sq,  ft. 

Pi  =  absolute  pressure  at  entrance,  lb.  per  sq.  in. 

P2  =  absolute  pressure  at  throat,  lb.  per  sq.  in. 

Ti  =  absolute  temperature  at  entrance,  deg.  fahr. 

T2  =  absolute  temperature  at  throat,  deg.  fahr. 
13     For  any  particular  meter  and  quality  of  gas,  and  assuming 
definite  values  of  Ps,  T^,  and  Ti,  equation  [5]  reduces  to  the  simpler 
form 

Q  =  KP,R°'J^^^^  [()] 

'  See  Appendix  No.  1. 
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where 


K 

=  210,840^2 

1\ 
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n       1 
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14  The  Thomas  ele.ctric  meter  ^  is  an  extremely  accurate  instru- 
ment for  the  measurement  of  gas  and  is  comparatively  simple  in 
construction.  It  operates  on  the  principle  that  the  energy  required 
to  heat  any  quantity  of  a  given  gas  through  a  definite  temperature 
range  is  directly  proportional  to  the  weight  of  the  gas  heated,  and 
can  therefore  be  used  as  a  measure  of  it.  In  practice,  electrical 
energy  is  used  to  supply  the  heat  and  is  automatically  controlled 
in  such  manner  as  to  cause  the  temperature  increase  of  the  flowing 
gas  to  remain  fixed  at  a  value  of  about  2  deg.  fahr.  The  electrical 
energy  required  to  do  this  is  measured  by  means  of  wattmeters,  the 
dials  of  which  can  be  graduated  to  read  direct  in  cubic  feet  of  gas 
based  on  any  desired  standards  of  pressure  and  temperature.  The 
method  is  independent  of  the  actual  temperature  and  pressure  of 
the  gas  entering  the  meter,  depending  solely  upon  its  specific  heat 
at  constant  pressure.  Since  the  records  of  the  device  are  obtained 
through  the  medium  of  wattmeters,  they  can  therefore  be  made  to 
give  either  a  rate  reading  of  flow,  an  integrated  or  totalized  reading, 
or  both. 

15  This  meter  has  been  subjected  to  very  thorough  tests  in  con- 
junction with  the  pitot  tube  and  venturi  meter  ^  which  have  firmly 
established  the  accuracy  and  reliability  of  all  three  of  the  devices. 

16  The  Thomas  meter  requires  a  supply  of  electric  energy 
equivalent  to  about  1  kw-hr.  for  each  75,000  cu.  ft.  of  free  gas.  This 
fact  greatly  restricts  its  use  in  the  measurement  of  natural  gas, 
especially  in  the  field  where  such  power  is  not  usually  available. 

17  The  most  practical  devices  known  to  the  author  for  general 
use  in  the  accurate  measurement  of  gas  are  the  pitot  tube  and  the 

1  Measurement  of  Gases,  Carl  C.  Thomas,  The  Journal  of  the  Franklin  In- 
stitute, November  1911. 
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orifice,  both  of  which  are  extremely  simple  in  construction  and  are 
based  on  fundamentally  correct  principles.  The  formula  expressing 
the  flow  of  gas  is  identical  for  the  two  instruments  for  the  range 
through  which  they  are  usually  used. 

18  The  pitot  tube  was  first  described  before  the  French  Academy 
of  Sciences  in  1732  by  its  inventor,  Pitot,  who  stated  that  it  followed 
the  principle  of  the  law  of  falling  bodies,  namely  ^^  =  2  gh.  For  over 
a  century  after  its  discovery  this  wonderfully  simple  and  accurate 
device  was  regarded  merely  as  a  scientific  toy,  until  about  1850, 
when  D'Arcy  adapted  it  to  closed  pipe  flows  by  the  addition  to  the. 
bent  tube  of  a  static  pressure  tube.  It  was  then  found  that  the 
difference  in  height  of  liquid  in  the  two  columns  of  a  U-gage  con- 
nected to  the  dynamic  and  static  tips  of  the  tube  respectively,  gave 
a  true  measure  of  the  velocity,  and  followed  Pitot's  originally  stated 
principle  exactly,  viz.,  y-  =  2  gh. 

19  Prof.  S.  W.  Robinson  seems  to  have  been  the  first  to  have 
applied  the  pitot  tube  to  the  measurement  of  gases.  In  1873  he 
experimented  with  it  in  determining  the  velocity  and  form  of  jets  of 
air  from  orifices,  which  led  to  the  development  of  a  commercial  pitot 
tube  for  gas  measurement. 

20  If  a  pitot  tube  is  inserted  in  a  pipe  conveying  gas  and  a  traverse 
made  over  the  cross-section  of  the  pipe,  it  will  be  found  that  the 
highest  velocity  exists  at  the  center  and  the  lowest  at  the  walls. 
For  this  reason  it  has  been  customary  for  experimenters  to  determine 
the  particular  point  in  the  cross-section  of  the  pipe  where  the  velocity 
corresponds  to  the  mean  velocity  of  the  whole  cross-section,  and  to 
keep  the  tube  at  that  point  for  the  determination  of  the  quantity  of 
flow  as  computed  from  the  velocity  readings.  This  point  varies  ac- 
cording to  the  condition  of  roughness  of  the  interior  surface  of  the 
pipe  in  which  the  tube  is  inserted,  and  accordingly  it  is  necessary  to 
determine  it  for  each  particular  pipe  used. 

21  When  a  tube  is  to  be  used  as  a  permanent  gas  meter,  it  is 
better,  because  of  the  fact  just  noted,  to  construct  the  pipe  with 
extreme  care,  having  the  interior  of  uniform  size  and  highly  polished, 
and  then  to  place  the  tip  in  the  exact  center  of  it.  This  necessitates 
the  inclusion  in  the  theoretical  formula  of  a  factor  which  in  this 
paper  is  termed  the  ''efficiency"  of  the  tube,  in  order  to  reduce  the 
flow,  as  indicated  by  the  tube  readings,  to  the  value  it  would  assume 
were  the  tube  at  the  point  corresponding  to  mean  velocity  instead 
of  being  at  that  of  maximum  velocity. 

22  The  tubes  used  by  the  author  are  all  constructed  in  this  man- 


THOS.    R.    WEYMOUTH  1645 

ner.  The  instrument  as  a  whole  is  termed  a  pitot  tube  (comprising 
both  the  pipe  and  the  bent  tube  inserted  in  it),  and  the  bent  tube 
portion  of  it  is  designated  as  the  "tip."  The  pipe  consists  of  12  ft. 
of  seamless  drawn  brass  tubing  with  highly  polished  interior  surface 
and  gaged  to  accurate  size.  About  27  in.  from  the  outflow  end  a 
brass  saddle  is  sweated  on,  through  which  the  tip  projects  into  the 
tube,  and  which  also  contains  the  static  pressure  connection,  which 
is  merely  a  hole  drilled  through  the  saddle  and  tube  flush  with  the 
inside  wall.  The  tip  is  constructed  in  such  manner  as  to  be  readily 
removable  for  cleaning,  and  yet  exactly  central  in  the  tube  when 
re-inserted. 

23  A  series  of  standard  tubes  of  this  type  are  maintained,  against 
which  all  new  tubes  are  calibrated.  These  standards,  ranging  in 
size  from  2  in.  to  6  in.,  were  themselves  calibrated  by  exhaustive 
tests  against  a  large  gas  holder  under  different  conditions  of  flow  and 
pressure.  The  coefficients  thus  obtained  were  found  to  be  constant 
throughout  the  complete  range  of  water  readings  under  which  the 
tubes  are  used  and  also  for  all  pressures. 

24  The  accuracy  of  these  standards  is  attested  by  the  paper  by 
Professor  Thomas  already  referred  to,  in  which  are  given  the  results 
of  a  45-day  test  at  the  Brave  pump  station  of  the  People's  Natural 
Gas  Company  of  Pittsburgh,  during  which  the  Thomas  electric 
meter  was  connected  in  series  with  pitot  tubes  that  had  been  cali- 
brated against  the  standards  above  referred  to.  A  total  of  about 
337,000,000  cu.  ft.  of  gas  was  measured  with  a  difference  between 
the  two  meter  records  of  0.2  per  cent. 

25  The  general  formula  ^  of  the  pitot  tube  and  orifice  is  expressed 
by  the  equation 


Q  =  218.44  Ed^—'  J  — [7] 


where 


Pa     ^TG 

E  =  efficiency  of  the  tube,  expressed  as  a  decimal 

d   =  internal  diameter  of  the  tube,  in. 

2'8  =  absolute  temperature  of  measurement  base,  deg.  fahr. 

P8  =  absolute  pressure  of  measurement  base,  lb.  per  sq.  in. 

G  =  specific  gravity  of  gas  —air  =  1.0 

P  =  absolute  static  pressure  of  flowing  gas,  lb.  per  sq.  in. 

T  =  absolute  temperature  of  flowing  gas,  deg.  fahr. 

h   =  velocity  head  of  flowing  gas,  in  in.  of  water 

See  Appendix  No.  2. 
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Assuming  standard  conditions  of  storage  temperature  and  pressure, 
namely,  Ps=  14.65  lb.  per  sq.  in.  absolute,  and  ^,  =  60+460  =  520 
deg.  absolute,  equation  [7]  becomes 

Q  =  77 53  Ed^  J  ^  rgl 

^  TG 

26  For  any  particular  installation  the  gravity  of  the  gas  is  once 
determined,  and,  with  an  assumed  value  for  flowing  temperature,  is 
included  with  E  and  d  to  form  a  coefficient,  making  the  formula  read 

Q  =  C^rhP. [9] 

where 

T 

C  =  218.44  Ed^ ^  [10] 

PjTG 

27  If  the  flowing  temperature  is  other  than  the  value  assumed  in 
making  ui3  the  coeflicient,  the  flow  is  corrected  by  multiplying  by 

e    actoi   ^      ^  where  Tais  the  assumed  flowing  temperature. 

28  The  value  of  E  is  remarkably  constant  for  tubes  ranging  in 
size  from  2  in.  to  5  in.,  as  will  be  seen  from  the  following  tabulation, 
taken  from  the  standard  tubes  already  referred  to: 

Actual  Diameter  Efficiency, 

of  tube,  d  E 

3.0625 0.8534 

3.96875  0.8515 

5.0469     0.8541 

Mean 0.8530 

29  Assuming  the  average  value  of  E  to  be  0.8530,  the  coefficient 

of  any  pitot  tube  constructed  as  above  described  will  be 

C  =  381.7d2 [11] 

based  on  a  storage  pressure  of  14.65  lb.  absolute,  storage  tempera- 
ture of  60  deg.  fahr.,  flowing  temperature  of  40  deg.  fahr.,  and 
specific  gravity  of  0.600. 

30  In  using  the  pitot  tube  it  is  essential  that  a  straight  run  of  at 
least  30  ft.  of  pipe  of  the  same  diameter  as  the  tube  be  installed  ahead 
of  it,  in  order  to  avoid  errors  due  to  eddies  in  the  flow.  It  is  also 
necessary  to  have  absolutely  no  leaks  in  the  pressure  lines  leading 
from  the  tube  to  the  differential  gage. 

31  In  practice  the  U-gage  is  modified  by  making  one  leg  to  con- 
sist of  a  cast-iron  water  pot  having  a  cross-sectional  area  many  times 
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great rr  thau  that  of  the  glass  tube  comprising  the  other  leg  of  the  U. 
Thus  the  height  of  the  water  level  in  the  pot  does  not  change  ap- 
preciably for  a  change  in  the  glass  tube  from  zero  to  full  scale  read- 
ing of  about  28  in.  The  pot  is  provided  with  a  gage  glass  to  show  the 
level  of  the  water  in  it,  to  which  the  zero  of  the  adjustable  scale  is 
set,  thus  necessitating  the  reading  of  but  one  leg  of  the  U-gage,  that 
comprised  by  the  long  gage  glass. 

32  The  scales  used  in  the  tubes  described  are  graduated  to  28 
in.,  and  are  used  under  all  conditions  of  pressure.  If  the  static 
pressure  of  the  flowing  gas  is  equal  to  that  of  the  atmosphere,  the 
full  scale  water  reading  corresponds  to  a  velocity  in  the  pipe  of  over 
22,000  ft.  per  minute.  As  the  static  pressure  increases,  the  velocity 
equivalent  becomes  smaller  and  at  100  lb.  gage  is  about  8000  ft.  per 
minute.  Thus,  the  higher  the  pressure  under  which  the  tube  oper- 
ates, the  greater  will  be  the  range  of  water  pressure  permissible  to 
use. 

33  It  is  not  considered  advisable  to  use  the  pitot  tube  for  flows 
giving  a  differential  pressure  less  than  2  in.  of  water,  owing  to  the 
high  percentage  of  error  resulting  from  any  personal  error  in  reading 
the  gage  at  such  low  readings.  With  a  maximum  scale  reading  of 
28  in.  this  means  that  under  atmospheric  pressure  conditions  the 
ratio  of  maximum  to  minimum  quantities  of  gas  susceptible  of  accu- 
rate measurement  by  the  pitot  tube  is  about  3.75  to  1.  Assuming  the 
same  permissible  velocity  (22,400  ft.  per  minute)  under  a  pressure  of 
100  lb.  gage,  the  maximum  water  scale  reading  could  be  increased 
to  more  than  200  in.,  giving  the  tube  a  range  of  10  to  1.  The  author 
is  now  conducting  experiments  along  this  line,  but  as  yet  has  not 
progressed  far  enough  with  the  work  to  state  authoritatively  to  what 
extent  this  range  may  be  extended  without  affecting  the  constancy 
of  the  coefiicient. 

34  At  present  the  usual  method  of  obtaining  the  required  range 
of  capacity  in  a  pitot  tube  measuring  station  is  to  install  the  tubes 
in  batteries  so  that  more  or  less  of  them  may  be  cut  in  or  out  of 
service,  as  conditions  demand,  for  obtaining  accurate  readings. 

35  In  accordance  with  Torricelli's  theorem,  the  velocity  of  issue 
of  a  fluid  from  an  orifice  follows  the  law  of  falling  bodies,  and  the 
formula  deduced  therefrom  expressing  the  quantity  of  flow  is  iden- 
tical with  that  of  the  pitot  tube.  The  vena  contracta  of  the  jet, 
however,  causes  the  coefficient  of  flow  (termed  * 'efficiency"  herein) 
to  have  a  lower  value  than  the  corresponding  factor  in  the  pitot  tube 
formula.    For  differential  pressures  greater  than  about  4  in.  of  water 
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it  is  sensibly  constant,  and  thus  the  orifice  furnishes  a  simple  means 
of  gas  measurement  that  compares  favorably  with  the  pitot  tube. 

36  Instead  of  a  water  column,  requiring  personal  observation  at 
regular  stated  intervals,  a  recording  differential  gage  may  be  used, 
constructed  with  the  working  parts  enclosed  in  a  casing  to  which  the 
static  pressure  is  applied,  while  the  dynamic  pressure  is  applied  to 
the  interior  of  the  gage.  Such  an  instrument  has  been  used  with 
success  in  connection  with  an  ordinary  recording  pressure  gage  for 
determining  the  static  pressure,  thus  obviating  the  necessity  of 
having  an  attendant  constantly  on  duty  to  make  observations. 

37  The  simplicity  of  the  pitot  tube  and  orifice,  both  in  manipula- 
tion and  computation,  and  the  high  degree  of  accuracy  attainable 
with  them,  render  them  invaluable  in  the  measurement  of  natural 
gas  in  large  volumes  and  at  high  pressures.  The  tube  has  been  in 
commercial  use  for  many  years,  with  highly  satisfactory  results. 
The  orifice,  although  one  of  the  oldest  known  measuring  devices,  has 
not  until  recently  been  used  extensively  in  the  measurement  of  gas 
under  high  pressure  closed  flow  conditions.  It  is  being  rapidly  de- 
veloped, however,  and  bids  fair  to  come  into  extensive  use  as  a 
simple,  accurate  gas-measuring  device. 

38  The  only  disadvantage  in  the  use  of  these  two  instruments 
is  the  necessity  for  the  computation  of  results.  Their  largest  field 
has  consequently  been  in  the  measurement  of  suSicient  quantities 
of  gas  to  warrant  the  maintenance  of  stations  with  observers  con- 
stantly in  attendance.  The  adoption  of  the  recording  gages,  how- 
ever, has  greatly  extended  their  usefulness  and  has  considerably 
simplified  the  problem  of  the  accurate  measurement  of  gas  under 
pressure. 
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39  The  general  formula  of  the  venturi  meter  is  derived  on  the  assumption 
that  the  change  in  state  of  the  gas  between  entrance  and  throat  of  the  meter 
takes  place  adiabatically.  Hence  the  drop  in  potential  energy,  as  evidenced 
by  the  respective  pressures  is  equal  to  the  increase  in  kinetic  energy  indicated 
by  the  respective  velocities  at  entrance  and  throat. 


Fig.  1     Diagram  of  Venturi  Meter 


40     In   Fig.  1,  which  diagram matically  represents  a  venturi  meter,  let 
Ai  =area  of  cross-section  at  entrance,  sq.  ft. 
Ai  =  area  of  cross-section  at  throat,  sq.  ft. 
Pi  =  absolute  pressure,  lb.  per  sq.  in.  at  entrance 
Pi  =  absolute  pressure,  lb.  per  sq.  in.  at  throat 
Vi    =  absolute  velocity  at  entrance,  ft.  per  second 
V2    =  absolute  velocity  at  throat,  ft.  per  second 
W  =  weight  of  gas  passing  per  second 
5i    =  density  of  gas  at  entrance,  lb.  per  cu.  ft. 
62    =  density  of  gas  at  throat,  lb.  per  cu.  ft. 
Ti  =  absolute  temperature  of  gas  at  entrance 
T2  =  absolute  temperature  of  gas  at  throat 
Tg  =  absolute  temperature  of  storage  base,  deg.  fahr. 
Pb  =  absolute  pressure  of  storage  base,  lb.  per.  sq.  in. 
G    =  specific  gravity  of  gas,  air  =  1.0 
To  =  absolute  temperature  of  32  deg.  fahr.  =492 
Pc  =  absolute  pressure  of  atmosphere,  lb.  per  sq.  in. 
Sy,  =  weight  of  water  per  cu.  ft.  at  60  deg.  fahr.  =62.37  lb. 
6a  =  density  of  air  at  To  and  Po 
6ai  =  density  of  air  at  Ti  and  Pi 

Kinetic  energy  of  gas  at  entrance  = 

1B49 
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Kinetic  energy  of  gas  at  tliroat  =  — — 
Increase  in  kinetic  energy  is 

•2g        2g       2g 
41     The  work  done  on  one  pound  of  gas  in  expanding  adiabaticaliy  from  f  i 
to  Pj  is 

n-l 
and  the  change  in  potential  energy  in  W  pounds  of  gas  per  second  is 

^       144PF(Pi7i-P2V^)n 

E  p  = ; 1 1  -^  1 

n  — 1 


42     Hence 


W  ,  144:Wn    ^  ^,       ^  ,.  ^     144 

2g  n  —  1 


V2'  —  vr  =  tu-—v 


i4Wn  /Pi_Pt\ 
n-l     \5,       Ss) 

2S8^./P,_/^A 

n-l    \5,      52/ 

\Ay)\pJ    ~    »-l    \5,     5,/ 

n_/p,    pA 

1    \  5i      82) 


ByitviAi8i=ViAi82      and     Pi52"=P25,°     or      "  =  1^')°      Hence 


A 


288  srw 


1 


(aw 


Pi  P„  ^  PiT^o 

43     Rut       ^=-^      and     5M=5a-— =- 


PiTo 


Also 

Pi      P2 


5.= 

Si"        ^2" 


(^y--^ey 


Hence 


Pi         P2_    _Pl P^ Pj^U 


\T,  \P\) 


W 


1161 


Substituting  in  |15],  and  extracting  the  square  root 
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288  gn  :Po2\  I        /MVj 

"^--my 


44     The  flow,  in  cubic  feet  per  hour,  based  on  Pg  and  7',  is 
Q  =  3600.4,t;2-'~ 
But 

P,^Py 

Tt    T 
Hence 


Q=360n  .42  — -;;, 


Te     I         n  P,     /pX  \Pr 


.[17] 
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45     The  general  formula  for  the  pitot  tube  and  the  orifice  is  derived  from  the 
law  of  faUing  bodies.    Let 

Tg  =  absolute  temperature  of  flowing  gas,  deg.  fahr. 

Pj  =  absolute  pressure  of  flowing  gas,  lb.  per  sq.  in. 

8     =  weight  per  cu.  ft.  of  flowing  gas,  at  P  and  T 

G    =  specific  gravity  of  flowing  gas,  air  =  1.0 

V     =  actual  velocity  of  flowing  gas,  ft.  per  second 

h{]  =  height  in  ft.  of  homogeneous  column  of  gas  at  P  and  T  producing  v 

AJj  =  corresponding  height  of  water  column  in  in. 

5w  =  weight  per  cu,  ft.  of  water  =  62.37  lb.  at  60  deg.  fahr. 

Pa  =  absolute  storage  pressure  base,  lb.  per  sq.  in. 

Tt  =  absolute  storage  temperature  base,  deg.  fahr. 

5  a  =  weight  per  cu.  ft.  air  at  32  deg.  and  14.7  lb.  =0.08073  lb. 

d     =  actual  inside  diameter  of  pipe  or  orifice,  in. 

Ej  =  eflSciency   of  pitot  tube  or  orifice 

Q]  =flow  in  cu.  ft.  per  hour  at  Pe  and  T^ 

Then 


v  =  yJ2ghs  =  . 


h  6, 


'  \  "      12   5 

But 

P     492 


'-'-Vt  t 


Hence 


h     5w  14.7    T 
^12  5.,  492    PG 


ird'  P    T,   ^ 

Q=3600 V  =-=-^ 

^  4  X  144      Ps  T 


T         hP 
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THE    CENTRIFUGAL    BLOWER    FOR    HIGH 
PRESSURES 

By  Henry  F.  Schmidt 
ABSTRACT  OF  PAPER 

In  this  paper  the  author  gives  the  essential  elementsof  blower  design  in  con- 
venient form  for  reference.  An  equation  is  derived  representing  the  work  done 
in  a  centrifugal  blower  and  the  differences  between  this  type  and  a  piston  com- 
pressor are  discussed.  There  is  a  discussion  of  efficiencies  and  characteristics  of 
impellers  in  series,  of  guide-vane  and  volute  types  of  blowers  and  variations  of 
pressure  in  the  case  of  guide-vane  blowers  'as  the  volume  of  discharge  in- 
creases. The  theory  of  diffusion  vanes  is  examined  in  detail,  and  an  equation 
for  the  loss  of  kinetic  energy  derived. 

Design  of  volute  blowers  is  taken  up  and  discussion  of  the  influence  of  the 
relation  between  efficiency  curve  and  discharge  rate,  as  well  as  between  the 
blower  characteristic  and  efficiency  curve  in  this  type  of  blower;  an  equation  for 
the  velocity  conversion  efficiency  is  derived,  and  the  constancy  of  pressm-e  in  a 
blower  having  a  free  vorte  mathematically  demonstrated.  The  Westinghouse 
design  of  volute  blower  is  used  for  illustration. 

The  latter  part  of  the  article  is  devoted  to  methods  of  testing  and  calculation 
of  centrifugal  blowers. 
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By  Henry  F.  Schmidt,^  East  Pittsburgh,  Pa. 
Non-Member 


In  presenting  the  following  notes,  the  writer  does  not  claim  origin- 
ality, but  offers  the  material  simply  as  a  collection  of  the  essential 
elements  of  blower  design  in  convenient^form  for  reference. 

2  The  centrifugal  blower  for  high  pressures  has  suffered  through 
the  same  lack  of  knowledge  in  regard  to  its  possibilities  as  that 
which  affected  the  introduction  of  the  centrifugal  pump  for  high 
pressures  and  high  shaft  speeds.  A  general  impression  was  created 
among  engineers  from  early  experiments  that  centrifugal  pumps  and 
l^lowers  were  adapted  for  handling  only  large  volumes  against  low 
heads  and  with  comparatively  low  efficiency.  This,  however,  has 
been  shown  to  be  an  incorrect  statement  in  the  case  of  centrifugal 
pumps  and  it  is  also  untrue  in  respect  to  centrifugal  blowers. 

3  With  proper  methods  of  construction  of  the  rotating  parts  and 
due  regard  to  the  theory  involved,  it  is  possible  to  build  blowers  for 
practically  any  capacity  and  pressure  with  efficiencies  ranging  from 
65  per  cent  to  80  per  cent  or  more,  the  higher  efl&ciency,  of  course, 
being  for  the  larger  volumes  handled. 

4  Before  an  intelligent  conception  of  the  characteristics  of  cen- 
trifugal blowers  can  be  obtained  it  is  necessary  to  examine  the  theory, 
which  is  not  only  simple  but  extremely  interesting. 

5  The  first  problem  to  be  considered  is  the  pressure  created 
within  the  impeller  due  to  the  centrifugal  force  acting  on  the  volume 
of  air  between  the  blades  of  the  fan.    This  can  be  done  as  follows : 

'  Westinghouse  Machine  Company. 
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6  In  Fig.  1,  imagine  a  tube  extending  radially  from  the  shaft  to 
the  circumference,  and  assume  the  area  of  this  tube  to  be  A  sq.  ft. 
If  an  infinitely  thin  lamina  of  this  tube  be  taken,  the  weight  of  the 
air  contained  in  it  will  be  pAdr  where  p  is  the  density  of  the  air  at 
that  point.  If  this  lamina  is  taken  at  radius  r,  then  the  centrifugal 
force  acting  on  this  small  mass  of  air  will  be 

_  pA dvfx''  _  pA  (27r)  ^  rNHr 

gr  g 

in  which  A^  =  revolutions  per  second.  If  the  compression  in  the 
blades  is  adiabatic,  the  volume  of  a  pound  of  air  at  any  point  is 
found  from  the  relation  pv'  =  piVi~'  or 

v  =  vAl^\ [1] 


©' 


Fig.  1     Pressure  within  the  Impeller 

But  since  the  density  is  inversely  proportional  to  the  volume 
-i  =  i(?^f  or     p  =  .,(?iW 

P    pi\v  J  \v  ) 

7  Now  also  dF  must  equal  the  difference  in  pressure  between  the 
two  sides  of  the  lamina  (dr)  or  dF  =  Adp.  Hence,  substituting  the 
value  of  dF  and  p 


)2  J^if^j, 

dF  =  Adp- 


P.  (P^Y'^A  (2. 
Transposmg  Pi  i""l     ^ 


1      1-^,       (2TrNhdr 
—V\V   ^dp= 
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Integrating  between  7  =  0  and  y  =  H,  and  p\  and  pa, 


p  7^p  = I     rdr 


which  gives 


2g 

8  But  the  first  term  of  this  equation  is  the  work  done  in  adiabatic 

compression  or  expansion,  and  the  second  term  equals—,  hence  the 

2g 

work  done  in  the  impeller  is  equal  to  that  required  to  accelerate  the 
air  from  rest  to  the  velocity  of  the  blade  tips.  Since,  however,  if  the 
radial  velocity  is  very  small,  the  final  tangential  velocity  of  the  air  is 
Hi  it  is  evident  that  one-half  of  the  total  work  done  on  the  air  by  the 
blades  will  be  expended  in  accelerating  it  to  a  velocity  equal  to  that 
of  the  blade  tips,  and  the  other  half  in  compressing  it  to  a  pressure 
P2.  Hence,  unless  the  final  velocity  of  the  air  is  reduced  by  convert- 
ing the  kinetic  into  potential  energy,  the  maximum  efficiency  of  a 
centrifugal  compressor,  neglecting  all  losses,  can  be  but  50  per  cent. 
It  is  evident,  therefore,  that  some  efficient  means  must  be  provided 
to  convert  the  kinetic  energy  represented  by  the  final  velocity  into 
potential  energy  represented  by  an  increase  in  pressure.  This  can 
be  done  in  one  of  three  ways: 

a  By  means  of  diffusion  vanes  placed  around  the  periphery 
of  the  impeller 

b     By  the  use  of  a  volute  of  proper  design 

c  By  a  diffusion  tube  or  inverted  nozzle  attached  to  the  out- 
let of  the  compressor 

9  The  first  of  these  methods  is  probably  the  most  efficient  at 
approximately  the  designed  capacity  if  properly  constructed,  but  is 
inefficient  at  large  and  small  discharge  rates.  The  additional  cost 
of  construction  is  also  one  of  its  disadvantages. 

10  Theoretically  and  practically,  the  second  method  is  the  most 
efficient  over  a  wide  range  of  loads  and  has,  if  well  designed,  an 
efficiency  of  65  per  cent  to  90  per  cent.  It  is,  however,  more  costly 
to  construct  than  the  third  method. 

11  Diffusion  tubes  attached  to  the  discharge,  though  the  cheapest 
to  construct,  have  only  cheapness  and  compactness  to  recommend 
them  and  cannot  be  used  on  the  intermediate  stages  of  multi-stage 
compressors.  The  reason  for  the  inefficiency  of  diffusion  tubes  is 
that  serious  eddies  are  formed  in  them  due  to  the  varying  pressures 
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at  different  sections  of  the  discharge  opening.  The  latter  results 
from  the  fact  that  the  air  farthest  from  the  shaft  is  compressed  the 
most  and  has  a  higher  velocity,  f which  causes  eddies. 

12  From  an  examination  of  equation  [2]  representing  the  in- 
crease of  pressure  or  work  in  foot-pounds  per  pound  of  air  in  the 
impeller,  it  is  evident  that  the  most  peculiar  characteristic  of  the 
centrifugal  blower  is  that  for  a  fixed  number  of  revolutions  per  min- 
ute, or  tip  speed  of  the  impeller,  the  work  done  remains  constant  so 
long  as  the  volume  entering  the  blower  remains  constant.     It  will 


Volume 
Fig.  2     Pressure  and  Efficiency  Curves,  Centrifugal  Blower 


be  noted  that  in  this  respect  a  centrifugal  blower  departs  entirely 
from  the  piston  compressor  in  that  the  volume  discharged  depends 
upon  the  pressure  against  which  the  blower  is  working,  whereas  in 
the  piston  blower  for  a  fixed  number  of  revolutions  per  minute  the 
volume  remains  practically  constant,  the  pressure  of  discharge  vary- 
ing according  to  the  resistance  placed  in  the  discharge. 

13  It  will  be  noted  that  the  work  done  in  a  centrifugal  blower 
varies  directly  as  the  square  of  the  tip  speed,  or  if  the  diameter  of  the 
impellers  is  fixed,  directly  as  the  number  of  revolutions  per  minute 
and  the  capacity  almost  directly  as  the  number  of  revolutions  per 
minute.  The  result  is  that  the  pressure  and  efficiency  curves  for  a 
change  in  the  number  of  revolutions  per  minute  vary  somewhat 
from  the  manner  shown  diagrammatically  in  Fig.  2.     The  point  to 
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be  noted  particularly  in  regard  to  Fig.  2  is  that  the  maximum  effi- 
ciency obtained  is  practically  independent  of  the  number  of  revolu- 
tions per  minute,  since  all  the  losses  in  the  blower  vary  directly  as 
the  cube  of  the  number  of  revolutions  per  minute,  as  does  also  the 
total  work  done  per  pound  of  air.  Consequently,  the  losses  bear  the 
same  relation  to  the  total  input  at  a  small  number  of  revolutions  or 
at  a  low  pressure  discharged  against  as  they  do  for  a  higher  number 


Fig.  3    Diagram  of  Work  done  by  Two  Impellers  in  Series 


of  revolutions  and  higher  pressure.  For  this  reason  the  efficiency 
curve  characteristic  remains  the  same  for  changes  of  speed,  but  the 
point  of  maximum  efficiency  shifts  to  a  smaller  volume  with  de- 
crease in  the  number  of  revolutions  per  minute. 

14  As  the  work  done  per  pound  of  air  is  independent  of  every- 
thing except  the  tip  speed  and  the  volume  of  the  air  entering  the 
impeller,  it  is  evident  that  the  air  discharged  from  one  impeller  may 
be  supplied  to  a  second  impeller,  which  will  add  the  same  number 
of  foot-pounds  of  work  per  pound  of  air  to  it,  thus  increasing  the 
pressure  by  adding  that  created  by  the  first  impeller  to  that  created 
by  the  second.  The  effect  of  this  will  be  seen  by  examining  Fig.  3 
in  which  the  area  BADC  represents  the  work  done  by  an  impeller 
compressing  from  atmospheric  pressure  to  a  pressure  D.  Where  the 
air  is  discharged  into  a  second  impeller  doing  the  same  amount  of 
work  or  the  area  as  represented  by  the  area  CDEFf  which  is  equal 
to  the  area  BADC,  it  should  be  noted  that,  owing  to  the  decrease  of 
volume  with  increase  of  pressure,  the  actual  difference  of  pressure 
created  in  the  second  impeller  is  greater  than  that  in  the  first,  so 
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that  high  pressures  can  be  attained  with  a  comparatively  small 
number  of  impellers  or  stages  in  series.  The  efficiency  of  such  a 
combination  of  impellers  placed  in  series  is  exactly  the  same  as 
though  each  impeller  were  an  independent  unit,  the  total  efficiency 
being  the  same  as  that  of  the  individual  stages. 

15     Figs.  4,  5,  6  and  7  show  diagrammatically  the  construction 


Discharge 


Fig.  4     Guide  Vane  Blower  Fig.  5     Volute  Blower 


and  characteristics  respectively  of  the  guide  vane  and  volute  types 
of  blower.  As  will  be  noted  by  examining  Fig.  4,  the  guide  vanes 
consist  of  a  number  of  curved  vanes  surrounding  the  impeller  or 
rotor  and  pointing  in  the  direction  of  rotation.  Since  the  air  dis- 
charged from  the  impeller  enters  the  diffusion  vanes  at  the  narrowest 
portion  at  a  high  velocity  and  leaves  at  the  point  of  greatest  cross- 
section  with  a  greatly  reduced  velocity,  the  difference  in  kinetic 
energy  between  the  point  of  entrance  and  exit  is  partly  utilized  in 
increasing  the  pressure  of  the  air  and  partly  in  eddies  and  friction, 
the  latter  part  reappearing  in  the  form  of  heat.  The  characteristic 
of  this  type  of  blower  is  seen  in  Fig.  6,  which  shows  that  the  pressure 
at  first  increases  as  the  volume  of  discharge  increases  until  it  reaches 
a  maximum,  after  which  the  pressure  again  falls  off,  and  it  will  also 
be  noted  that  at  constant  discharge  (and  constant  revolutions  per 
minute)  the  pressure  does  not  remain  constant  but  is  continually 
fluctuating  between  limits,  as  shown  by  the  shaded  lines,  which 
usually  represent  about  10  to  15  per  cent  of  the  total  pressure  created. 
The  reason  for  this  will  be  understood  by  examining  Fig.  8. 

16     For  the  sake  of  illustration,  instead  of  assuming  the  air  to 
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leave  the  impeller,  imagine  it  to  issue  from  a  nozzle  through  which 
the  air  is  supplied  at  a  pressure  Pi  and  expands  to  a  pressure  P^  such 
that  the  velocity  at  the  mouth  of  the  nozzle  is  exactly  equal  to  the 
velocity  with  which  it  leaves  the  tips  of  the  impeller  blades  and 
enters  the  guide  vanes.  Further,  in  place  of  the  guide  vanes,  assume 
a  straight  diffusion  tube  discharging  into  a  receiver  R.  The  pressure 
in  it  is  controlled  by  means  of  a  valve  or  other  device.  Hence,  from 
the  assumptions  made,  the  diffusion  tube  when  supplied  with  air  as 
stated  is  an  exact  equivalent  of  the  guide  vanes  in  the  blower  shown 


Volume 

Fig.  6     Guide  Vane  Blower 
Characteristics 


Volume 
Fig.  7     Volute  Blower 
Characteristi  cs 


in  Fig.  4.  Now,  since  the  area  of  the  diffusion  tube  increases,  the 
velocity  of  the  air  must  decrease,  with  the  result,  as  previously  men- 
tioned, that  the  kinetic  energy  is  partly  converted  into  pressure,  as 
indicated  by  the  diagram  beneath  the  diffusion  tube.  The  line  Ax  is 
the  final  pressure  resulting  from  the  velocity  attained  by  the  air  in 
expanding  in  nozzle  from  pressure  Pi  at  A  to  the  back  pressure  P2, 
and  the  line  Bi  represents  the  final  pressure  of  the  air  when  expanded 
from  the  initial  pressure  B  to  the  final  pressure  P2.  Now  it  will  be 
evident  from  the  method  in  which  this  velocity  conversion  takes 
place  that  there  can  be  but  one  pressure  of  equilibrium  for  any  given 
velocity  with  which  the  air  enters  the  diffuser.  Furthermore,  if  the 
pressure  P3  in  the  receiver  R  is  built  up  to  the  point  where  air  can 
no  longer  enter  the  inlet  of  the  diffuser,  the  pressure  in  the  receiver 
must  break  down,  for  with  no  air  entering  the  diffuser  the  velocity 
becomes  zero,  and  velocity  conversion  is  no  longer  possible.  The 
result  of  this  condition  is  that  in  a  centrifugal  blower  fitted  with 
guide  vanes,  under  certain  conditions  the  pressure  may  break  down 
to  the  point  where  the  only  pressure  available  at  the  discharge  is 
that  due  to  the  impeller  alone,  and  even  with  normal  rates  of  dis- 
charge there  is  also  a  tendency  for  the  diffuser  vanes  to  build  up  a 
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pressure  higher  than  that  in  the  receiver  R,  resulting  in  a  constant 
building  up  and  breaking  down  of  the  pressure,  as  shown  in  Fig.  9. 

17  The  rapidity  with  which  these  variations  occur  depends  upon 
the  volume  of  the  receiver  space  and  pipe  line  into  which  the  blower 
is  discharging.  The  smaller  the  receiver  volume  the  more  rapid  the 
jBuctuations  and  the  smaller  their  extent.  With  very  large  receiver 
volumes  and  especially  with  a  number  of  such  blowers  operating  in 
parallel,  fluctuations  msiy  occur  in  which  the  pressure  breaks  down 
to  that  of  the  impeller  alone.     To  obviate  this,  it  is  customary  to 


Fig.  8     Pressure  Variations,  Nozzle  and  Diffusion  Tube 


throttle  such  blowers  at  the  intake,  so  as  always  to  operate  them 
below  the  lower  pressure  line  in  Fig.  6,  thus  avoiding  the  fluctuations 
of  pressure. 

18  The  fact  that  no  pressure  is  created  by  the  diffuser  tube  when 
no  air  is  being  delivered  is  the  reason  for  the  increase  of  pressure  with 
increase  of  volume  delivered  up  to  a  certain  point  beyond  which  the 
diffusion  tubes  are  no  longer  of  sufficient  exit  areas  to  reduce  the  final 
velocity  to  the  necessary  point,  which  in  addition  to  the  increased 
friction  at  the  higher  velocities  causes  a  dropping  off  of  the  pressure 
line,  as  shown  in  Fig.  6.  The  result  of  this  is  that  the  efficiency  curve 
rises  very  slowly  at  first  and  becomes  a  maximum  over  a  compara- 
tively very  short  range,  when  it  immediately  begins  to  drop  off  very 
rapidly. 

19  The  above  actions  will  be  better  understood  by  examining  the 
theory  of  diffusion  vanes,  in  connection  with  Fig.  8,  as  follows : 
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20  Let  the  area  of  the  smaller  or  entrance  end  of  the  diffuser  hv 
Ai  and^the  exit  area  be  A\\  also  assume  that  no  heat  is  received  by  or 
given  up  by  the  diffusion  tube,  in  which  case  the  compression  will 
be  adiabatic  (though  in  practice  not  necessarily  isentropic)  and  the 
relation  between  pressure  and  volume  at  2jxy  point  will  be  deter- 
mined by  the  equation 


pf  =p«^2    or    ^  — 


(3'- 


21  In  Fig.  8  consider  an  infinitely  thin  section  of  the  tube  dx 
and  assume  that  the  pressure  at  the  point  the  section  is  taken  is 
p,  and  the  velocitj^  on  one  side  of  the  section  is  Y  and  that  the  velocity 
on  the  other  side  is  Y  —  dY .  Also  assume  that  the  mass  of  air  within 
the  section  considered  meets  with  such  a  resistance  as  will  be  pro- 
duced by  the  force  dF  =  Adp,  A  being  the  area  of  the  tube  at  the 
section  taken. 


Time 


Fig.  9     Pressure  Variations,  Guide  Vane  Blower 


22     Now  the  mass  of  the  air  in  the  section  will  obviously  be 

dw  =  PAdx.    But  force  is  equal  to  mass  times  acceleration,  hence, 

pAdx  v  —  dv       pAdx  d^x 

at  = — 

g         dt  g      dt^ 

and  also 

dF  =  Adv 

Hence  equating  these  two  expressions  for  dF 

pAdx  d^x 

dt- 

1 


but  p  = 
hence 


Adp  =  - : 

Q 


■  .  ,  Adx 

Adp=     — 


d^x 
dt'- 
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or 

'  dp     d^x    , 

gv.  v.^  -^=-  ds 

which  may  be  integrated  between  Vi  and  F2  and  P2  and  pi,  and  will 
give 

that  is,  since  kinetic  energy  has  disappeared  into  potential  energy 
the  sign  is  negative.  The  most  interesting  part  of  this  equation  is 
that  an  examination  shows  that  the  kinetic  energy  lost  in  changing 
from  a  velocity  Yi  to  velocity  V2  is  exactly  the  same  as  that  given 
up  in  adiabatic  expansion  from  the  pressure  Pi  to  the  pressure  Pi. 
In  other  words,  neglecting  friction  eddies  and  shock,  for  some  fixed 
relation  between  the  velocity  of  approach  and  final  pressure,  as  in- 
dicated by  the  formula,  the  theoretical  velocity  conversion  efficiency 
of  a  diffusion  tube  is  unity,  and  constant  delivery  is  likewise  theoret- 
ically possible. 

23  Returning  now  to  the  volute  blower  shown  in  Fig.  5,  which  is 
not  fitted  with  guide  vanes,  an  entirely  different  characteristic  is 
obtained,  the  theoretical  characteristic  of  this  blower  being  a  per- 
fectly straight  line,  that  is,  constant  pressure  for  any  delivery, 
neglecting,  of  course,  the  energy  put  into  the  air  in  order  to  move  it 
through  the  blower.  In  this  type  of  blower,  as  there  is  no  velocity 
conversion  in  the  volute,  the  pressure  remains  the  same  at  all  rates 
of  delivery  except  for  the  increased  frictional  resistance  with  higher 
velocities  and  larger  discharge  rates,  which  results  in  a  gradual  de- 
crease of  the  pressure  as  shown  in  Fig.  7. 

24  However,  the  most  remarkable  point  in  this  design  of  blower 
is  the  rapidity  with  which  the  efficiency  curve  rises  with  increase  of 
discharge  rate  and  the  wide  range  over  which  it  remains  practically 
constant.  Though  not  plotted  in  scale,  the  pressure  characteristics 
and  efiiciency  characteristics  shown  in  Fig.  7  are  relatively  exact, 
as  found  in  the  two  types  of  blower,  the  maximum  efficiency  obtain- 
able in  both  the  volute  and  guide  vane  being  for  both  purposes  iden- 
tical, provided,  of  course,  that  both  are  properly  designed;  but  the 
point  which  should  be  noted  particularly  is  that  in  commercial  opera- 
tion the  value  of  a  blower  operating  on  fluctuating  load  depends  not 
upon  the  maximum  efficiency  obtained,  but  upon  the  area  under  the 
efficiency  curve,  since  this  is  a  true  measure  of  the  average  efficiency 
over  a  range  of  load. 
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25  The  results  from  two  blowers  on  actual  test  are  given  in  Fig. 
10,  which  clearly  show  the  difference  in  the  characteristics  and  the 
area  under  the  two  efficiency  curves. 

26  In  order  to  find  the  pressure  created  in  a  free  vortex,  assume 
a  tube  extending  from  Ri  to  R3,  Fig.  11,  of  area  A  and  take  a  lamina 
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Fig.  10     Characteristics  of  two  Blowers  under  Different  Efficiency 

Curves 


of  this  tube  of  thickness  dr  at  any  radius  r.     Then  the  centrifugal 
force  acting  on  this  small  mass  of  air  will  be 

dF  =  Adp=  or     vdp=  -^^ 

gr  gr 

But  n  is  inversely  proportional  to  the  radius,  hence  the  velocity  /x  at 
any  point  will  be    - — ^where  m  is  the  tip  velocity  of  impeller. 


Substituting  the  value  of  n, 


vdp=   (ah  Ri) 


idr 
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and  integrating  lietween  the  limits  p2  and  pz  and  r  =  Rx,  and 


7-1 


.„.\{^P 


H{m,-  ,    Mi'i^i' 


00  2 


/?!-' 


=    Ml' 


which  shows  that  for  a  100  per  cent  conversion  efficiency  the  volute 
must  be  of  infinite  diameter.  For  any  given  radius  of  volute  R^  the 
work  done  by  the  velocity  conversion  in  foot-pounds  will  be 


2»  L    \rJ  - 


or  the  velocity  conversion  efficiency  is 


Fig.  11     Pressure  Diagram  in  a  Volute  Blower  with  a  Free  Vortex 


27  Now  the  reason  for  the  statement  that  the  pressure  remains 
practically  constant  in  a  blower  having  a  free  vortex  will  be  evident 
from  the  preceding  mathematical  demonstration,  since  it  follows  that 
as  the  pressure  created  in  the  vortex  is  due  to  the  centrifugal  force 
acting  on  the  fluid  in  the  vortex,  neglecting  friction  and  eddies,  the 
pressure  created  must  be  independent  of  the  volume  delivered. 
This  must  be  true  for  the  further  reason  that  the  volume  delivered 
does  not  enter  into  the  mathematical  analysis  as  a  function  of  the 
work  done,  whereas,  in  the  mathematical  deduction  of  the  equation 
of  flow  (or  work  done)  in  a  diffusion  tube,  the  volume  enters  the 
equation  in  the  expression  (Fi^— F2")- 

28  As  previously  stated,  neglecting  friction,  the  energy  trans- 
formation taking  place  in  a  free  vortex  remains  constant  regardless 
of  the  volume  delivered,  even  though  the  delivery  is  reduced  to  zero. 
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and  likewise  the  efficiency  is  for  the  same  reasons  constant,  independ- 
ent of  the  vohime  deUvered.  This  explains  the  much  higher  efficiency 
of  the  free  vortex  blower  at  partial  rating  than  is  obtained  in  a 
blower  fitted  with  guide  vanes.  Further,  when  the  element  of  friction 
is  considered,  the  free  vortex  blower  has  a  considerable  advantage 
over  the  diffusion  vane  blower  because  the  surface  exposed  to  friction 
is  very  much  smaller. 

29  The  preceding  remarks  arc  not  based  on  theory  alone,  since 
the  writer  has  made  a  large  number  of  tests  with  pitot  tubes  and 
thus  verified  the  above  statements.  These  tests  showed  that,  when 
properly  constructed,  theory  and  practice  agree  to  a  surprising 
extent. 

30  In  a  discussion  before  the  Society  some  time  ago  the  design 
of  the  impellers  used  by  the  Westinghouse  Machine  Company  was 
criticized  as  inefficient  because  the  blades  are  radial  and  have  no 
curvature  at  their  inlet  ends  for  picking  up  the  incoming  air  with- 
out shock  losses. 

31  It  has  been  shown  that  if  the  blades  of  an  impeller  extend  all 
the  way  into  the  center  of  the  shaft,  the  work  done  by  compression 
in  the  rotor  is  just  one-half  of  the  total  work  done  on  the  air,  the 
other  half  being  represented  by  the  kinetic  energy  in  the  air  leaving 
the  impeller  with  the  velocity  of  the  blade  tips,  that  is,  energy  repre- 

2 

sented  by  —  per  lb. 
2g 

32  In  actual  practice  the  inner  diameter  of  the  blades,  or  "  eyes," 
is  usually  about  one-half  the  diameter  of  the  impeller,  or  say  just 
one-half,  then  the  velocity  of  the  entrance  edges  of  the  blades  is  one- 
half  the  tip  velocity,  that  is,  ai2  =  |mi-     But  the  total  energy  put 

into  the  air  is  2(    M  per  lb.,  and  since  the  velocity  at  the  blade 


© 


entrance  is  ^^i  the  maximum  loss  from  shock,  if  the  air  hits  the 

(1„  )2 

blades  at  right  angles,  as  in  Fig.  12,  would  be  and  the  per- 

2^ 
centage  loss  of  the  total  energy  put  into  the  blower  would  conse- 
quently be 

2g 
100— —  =  12.5 

33     The  preceding  is  on  the  assumption  that  all  the  velocity  of 
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the  air  relative  to  the  blade  is  destroyed,  which,  however,  is  far  from 
the  truth. 

34  Since  it  is  necessary  for  the  air  to  have  a  radial  velocity  in 
order  to  pass  through  the  impeller  (usually  the  radial  velocity  of  the 
air  is  about  one-quarter  of  the  tip  velocity,  or  one-half  of  the  velocity 
of  the  entrance  of  the  blades),  instead  of  striking  the  blades  at  right 
angles,  it  enters  the  blades  about  as  shown  in  Fig.  13  at  an  angle  of 
45  deg.  Hence,  if  a  total  loss  by  shock  of  the  velocity  component 
perpendicular  to  the  blade  is  still  assumed,  the  loss  at  the  entrance 
is  reduced  from  0.125  of  the  total  energy  to  about  0.06  of  the  total 
energy  put  into  it.  However,  it  is  known  that  when  air  strikes  a 
surface  at  an  angle,  there  is  a  tendency  to  build  up  a  bank  of  air,  as 
shown  in  Fig.  14,  and  since  the  flow  is  continuous,  all  the  energy  is 
not  lost  by  shock.     Hence,  it  is  very  conservative  to  estimate  the 


Fig.  12  Stream  Lines,  Fig.  13  Stream  Lines,  Fig.  14  Building  up 
Air  Hitting  Blades  at  Air  Hitting  Blades  at  an  Air-Bank,  Air  Hit- 
Right  Angles  .45  Deg.  ting      Blades     at    an 

Angle 

loss  at  the  entrance  with  radial  blades  as  not  exceeding  1  or  2  per 
cent.  This  is  also  verified  by  the  tests  which  have  been  made,  as  it 
was  impossible  to  find  the  loss  at  the  entrance  because  of  its  being 
so  small  compared  with  the  total  energy  put  into  the  air. 

35  Another  reason  why  the  loss  is  practically  nothing  in  the 
Westinghouse  design  is  that  the  inlet  of  the  blowers  is  made  in  the 
form  of  a  volute  and  forced  vortex  as  shown  in  Fig.  15,  thus  causing 
the  air  to  rotate  in  the  same  direction  as  the  impeller  before  entering 
the  impeller,  and  the  proportions  of  this  volute  are  so  made  that  at 
normal  load  the  air  enters  the  impeller  blades  tangentially  without 
any  shock  loss  whatever. 

36  Since  centrifugal  blowers  for  all  except  the  very  lowest  pres- 
sures must  run  at  comparatively  high  tip  speeds,  it  becomes  im- 
perative that  the  rotor  construction  shall  be  of  the  very  best  design 
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possible,  and  all  the  stresses  in  the  blades  must  be  radial.  Hence,  a 
straight  radial  blade  is  the  only  one  which  can  be  used  except  at  the 
very  lowest  speeds. 

37  No  riveted  or  built  up  construction  can  be  satisfactory  and 
only  an  impeller  of  the  double-flow  type  milled  out  of  the  solid 
should  be  tolerated.  Milling  the  rotor  in  halves  and  riveting  them 
together  is  also  a  very  poor  construction,  and  has  only  cheapness  to 
recommend  it.  The  disk  should  be  of  such  section  as  to  give  uniform 
stress  throughout,  and  there  should  be  no  hub  or  hole  for  the  shaft. 

THE  TESTING  AND  CALCULATION  OF  CENTRIFUGAL  BLOWERS 

38  The  following  notes  give  the  readings  to  be  taken,  together 
with  the  formula  used  for  working  out  the  results  of  tests,  as  well  as 


Fig.  15     Inlet  of  Blower,  Westinghouse  Design 


the  method  of  correcting  to  standard  or  any  selected  contract  con- 
ditions. 

39  The  data  which  must  be  obtained  for  a  complete  test  of  a 
centrifugal  blower  comprise 

a  brake  horsepower  input  to  the  blower  shaft 

h  inlet  temperature 

c  inlet  pressure  of  the  air  entering  the  blower 

d  barometer  reading 

e  static  pressure  in  the  blower  discharge,  and  temperature  in 

the  blower  discharge 
/  total  head  blown  against,  i.  e.,  static  head  plus  velocity  by 

means  of  a  pitot  tube  placed  above  the  discharge  nozzle, 

and  flush  with  its  outlet. 

40  In  obtaining  the  correct  inlet  temperature  to  the  blower,  the 
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temperature  should  be  taken  by  means  of  a  number  of  thermometers 
placed  in  different  portions  of  the  intake  duet,  so  as  to  obtain  a  true 
average  temperature,  and  precautions  should  be  taken  to  see  that 
no  air,  other  than  that  passing  the  thermometers,  is  entering  the 
blower  intake,  such  as,  for  instance,  air  drawn  from  the  basement 
below  the  engine-room  floor. 

41  The  pressure  in  the  blower  discharge  should  be  taken  at  a 
point  as  shown  in  Fig.  18,  in  which  the  distance  h  should  be  at  least 
four  or  five  times  the  outlet  diameter  of  the  nozzle,  in  order  to  avoid 
a  reduction  of  pressure,  which  occurs  near  the  nozzle. 

42  The  temperature  also  should  be  taken  at  a  corresponding 
point  by  inserting  one  or  more  thermometers  into  the  discharge. 


Volume  per  IVIinute 
Fig.  1G     Pressure  and  Efficiency  Cxtrves,  Centrifugal  Blower 


This  can  be  most  conveniently  done  by  sticking  the  thermometers 
through  rubber  inserted  in  the  discharge  pipe. 

43  The  method  of  obtaining  the  total  pressure,  or  static  plus 
velocity  head,  will  be  seen  from  Fig.  18.  Either  mercury  U-tubes 
or  water  manometers  may  be  used  for  measuring  the  discharge  pres- 
sure. In  either  case,  the  difference  between  the  two  sides  of  the  U, 
i.  e.,  the  head  in  inches  of  mercury,  should  be  corrected  for  the  tem- 
perature of  the  U-tube. 

44  The  test  nozzles  should  be  made  about  as  shown  in  Fig.  18; 
the  radius  or  curvature  of  the  approach  to  the  nozzle  should  be  equal 
to  d,  in  which  case  the  coefficient  of  the  nozzle  is  for  all  practical 
purposes  100  per  cent,  or  equal  to  the  theoretical  discharge.  It  has 
been  generally  agreed  that  a  nozzle  coefficient  of  98.5  is,  if  anything. 
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probably  1  per  cent  low,  and  bonce  has  been  adopted  where  it  is  ncit 
convenient  to  calibrate  th(>  nozzle  used. 

METHOD    OF    CALCULATION 

45  In  tlu^  following  calculation  let 

Po  =  absolute  inlet  pressure  to  the  blower  in  inches  of  mercury 

(i.  e.,  barometer  reading) 
Pi  =  total  head   (static  plus  velocity)  in  inches  of  mercury, 

plus  the  barometer  reading  in  inches  of  mercury 
T2  =  absolute  inlet  temperature  in  deg.  fahr. 
T/ =  temperature  in  the  discharge  in  deg.  fahr.  absolute 
Ti  =  theoretical   temperature   in  the   piping    after   adiabatic 

compression 
T2'  =  temperature  at  the  mouth  of  the  discharge  nozzle. 

46  The  work  done  in  foot-pounds  per  pound  of  air,  in  compressing 
from  Pi  to  P2  will  be  expressed  by  the  formula 


7-1 


w-'] 


[4] 


in  which  R  has  a  value  of  1.4065,  and  the  work  done  per  pound  of 
air  in  expanding  from  the  pressure  Pi  to  atmospheric  pressure  in 
the  nozzle  will  be 


W=~^RT2 


[5] 


in  which 


(r 

Hence,  the  velocity  of  the  air  in  feet  per  second  will  be 

y=8.025\'^^^Rr/[g;)^-i] [71 

Accordingly,  the  volume  of  discharge  in  cubic  feet  per  second  will  be 

Volume  per  second  =  AV [8] 

in  which  A  is  the  area  of  the  mouth  of  the  nozzle  in  square  feet  times 
the  nozzle  coefficient,  which,  as  above  stated,  for  nozzles  properly 
made,  is  practically  unity,  or  say  99  per  cent.  The  total  work  done 
in  foot-pounds  per  minute  will  be  equation  [4]  X  equation  [8]  X  60 
-^  specific  volume  of  1  lb.  of  air  at  the  barometric  pressure  and 
temperature  T2,  which  may  be  expressed  by  the  equation 
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^.4©"^^]xs.oaW-X-^«r4g;)",]x.xeo 

in  which  Pi  is  the  barometric  pressure  expressed  in  pounds  per  square 
foot  absolute.     Hence  from  equation  [9]  the  theoretical  air  horse^ 
power  required  to  compress  the  column  handled  from  the  pressure 
Pa  to  the  pressure  Pi  will  be  equation  [9]  divided  by  33,000,  or 
air  h.p. 


7-1       1\P2/         J 7-1         L\P2/         -* [10] 

-Dm  f 

^^^  X  33,000 
Pa' 

47  The  efficiency  of  the  blower  is  equal  to  the  theoretical  horse- 
power required  to  compress  the  given  volume  of  air  handled  divided 
by  the  brake  horsepower  input  at  the  shaft;  hence,  the  efficiency  of 
the  blower  is  expressed  by  the  equation 

air  horsepower 

E  = ^r~- fill 

motor  input  X  motor  efficiency ^     ^ 

and  the  total  overall  combined  efficiency  will  be 

air  horsepower 

Et=         ,       -.       T' il2] 

motor  mput 

in  each  of  which  the  motor  input  has  been  reduced  to  horsepower. 

48  The  blower  efficiency  may  also  be  found  by  the  temperature- 
pressure  method  in  any  blower  which  is  not  water-jacketed,  the 
procedure  in  this  case  being  to  calculate  the  theoretical  temperature 
rise  from  the  formula 


wr-'] 


T,-T,=  T,  ^\^-J       -IJ [13] 

dividing  it  by  the  actual  temperature  rise  found  by  subtracting  the 
inlet  temperature  from  the  temperature  in  the  blower  discharge, 
which  gives  rise  to  the  equation 


.!llFJ 


49     Following  is  the  derivation  and  use  of  formula  [14]. 
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To  Prove:   the  efficiency  of  a  blower  is  measured  by  the  formula 

where 

Ti  =  theoretical  final  temperature  of  the  air  calculated  from 
the  adiabatic  relation  between  pressure  and  tempera- 
ture 
T2  =  initial  temperature  of  entering  air 
Ti^  —  final  observed  temperature  in  actual  compressor. 
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Fig.  17     Work  Diagram,  Centrifugal  Blower 


ANALYSIS 

50  Any  losses  of  energy  which  occur  in  a  blower  must  reappear 
in  some  other  form,  namely,  as  heat.  Hence,  the  various  losses  of 
whatever  nature  occurring  in  a  blower  may  be  considered  equal 
to  X.  The  losses  include  friction,  eddies,  leaking,  etc.  Referring 
to  Fig.  17,  let  AB  be  the  theoretical  adiabatic  compression  curve 
and  HB  the  actual  compression  line.  Let  the  section  EG  be  an 
infinitely  small  lamina  of  height  dp.     Since  the  work  of  vdp  must 

1 

be vdp  extending  the  area  EG  to  a  point  F  on  an  imaginary 

compression  curve  CD.  Note  that  vdp  is  the  work  done  on  the  air 
as  shown  by  the  area  of  the  actual  compression  curve  and  not  under 
the  adiabatic.  Since,  from  the  fundamental  assumption  that  energy 
lost  is  converted  into  heat,  the  first  law  of  thermodynamics 
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1  7 

dQ—        —vdp-\- pdv 

7—1  7— 1 

may  be  used.    Substituting  for  dQ  its  value,  the  area 


[15] 


GF  = 


1-x 


vdp 


equation  [15]  becomes 

X 


1  7 

:, vdp  = r  vdp-{- 7  pdv . 

\—x  7—1  7— 1 


[16] 


Integrating  equation  [16]  between  p2  and  pi  and  v-,  and  Vi 

0' 


t^l  =  y2 


[17i 


^  = 


1  —  .T       l—X 


[18] 


7 


Substituting  the  value  of  v  found  from  equation  [17]  in  the  equation 
dW  =  vdp  and  integrating, 

RT2 


W  = 


(1-x)  (1-/3) 


p\(.l-;8)    ■ 


[19] 


51  Equation  [19]  gives  the  work  done  in  foot-pounds  per  pound 
of  air  compressed  from  P2  to  Pi  including  all  losses  of  whatever 
nature  occurring  in  the  blower.  It  will  therefore  be  evident  that  the 
efficiency  of  the  blower  will  be  equal  to  the  theoretical  work  required 
to  compress  one  pound  of  air  from  P2  to  Pi  divided  by  the  actual 
work  required  for  the  same  compression.     Hence 


E' 


(r-r 

LVP.>/         J(l-rc)(l 


[20] 


■^) 


but 


also 


7 


(l-x)  (1-/3)     7-1 


T\-T2^T-2 


P'l 


1 
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E 


7 
,      7-1 

W'] 

^  ,  RT, 

7-1 

[©'-■1 

T\-T-2 


[21] 


52     At  tliis  i)oint  it  will  be  well  to  take  up  the  old  formulae  used 
in  a  number  of  textbooks  cl(>aling  with  the  measurement  o.f  air,  viz. 

. (c 


Mercury 

Fig.  is     Test  Arrangement  for  Obtaining  Total  Pressure 

y=  '^2gh  =  8.025^h. [22] 

in  w^hich  h  is  the  head  through  w^hich  the  medium  flows.     In  the 
case  of  air,  or  any  gaseous  medium,  h  being  taken  as 

PiD  X  13.596 


h  = 


12p 


[23] 


in  which 

Pi  =  static,  plus  velocity  head,  in  inches  of  mercury 
D  =  weight  of  1  cu.  ft.  of  water  at  T'2 

p   =  weight  of  1  cu.  ft.  of  air  at  temperature  T'2  and  barom- 
etric pressure. 
53     Equation  [23]  is  substantially  correct  for  the  measurement  of 
velocity   for   comparatively   low   pressures,    but   gives    a   velocity 
slightly  too  high  w^hen  employed  for  pressures  of  2  or  3  lb.  or  more, 
in  which  case  the  velocity,  as  previously  pointed  out,  should  be 
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calculated  from  the  formula  [7]  the  error  arising  from  the  use  of  for- 
mula [22]  being  shown  in  Fig.  19.  The  work  done  is  represented  by 
2gh,  being  the  area  BCDE,  whereas  the  actual  area  is  that  under  the 
adiabatic  curve  represented  by  the  curve  BCD  A. 

54  The  method  of  correcting  for  temperature  at  inlet  to  blower, 
and  for  changes  of  barometer  is  as  follows: 

55  The  fundamental  characteristic  of  the  centrifugal  blower  is 


Volume 


Fig   19    Work  Diagram,  showing  difference  between  Textbook  and  Cor- 
rected Formulae 


A'olunie 


Fig.  20    Indicator  Diagrams  of  Centrifugal  Blower  for  Different  Con- 
ditions OF  Inlet  Temperature  and  Pressure 


that  for  any  given  actual  volume  entering  the  blower  inlet,  the 
blower  at  a  given  speed  will  take  a  certain  number  of  foot-pounds 
of  work  per  pound  of  air,  regardless  of  the  intake  temperature  or 
pressure,  and  the  result  of  this  is  that  the  ordinary  methods  of  cor- 
recting for  temperatures  and  barometer  as  applied  to  blowing  en- 
gines, does  not  apply  to  centrifugal  blowers.  This  will  be  seen  from 
Fig.  20,  which  shows  an  indicator  diagram  of  the  centrifugal  blower 
for  different  conditions  of  inlet  temperature  and  pressure.  Let  the 
area  CDAB  be  the  compression  over  the  standard  temperature  and 
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barometer,  to  some  given  pressure.  This  area  will  represent  a  fixed 
number  of  foot-pounds  of  work  per  pound  of  air.  It  is  evident,  there- 
fore, that  if  the  barometer  readings  were  the  same  but  the  intake 
temperature  higher,  i.  e.,  so  that  the  initial  volume  were  to  point  J 
instead  of  C,  it  is  evident  that  the  pressure  to  which  the  blower  could 
compress  would  no  longer  be  A,  but  some  pressure  F,  such  that  the 
area  JDFK  would  equal  the  area  CDAB. 

56  Consequently,  the  correction  for  change  of  temperature  from 
C  to  J  would  not  be  applied  as  affecting  the  actual  volume  entering 
the  blower,  but  as  a  correction  to  the  pressure.  In  the  same  way, 
supposing  that  the  barometer  were  low  and  the  atmospheric  line 
represented  by  HG  at  standard  temperature,  the  area  GHFE  must 
again  equal  the  area  CDAB,  and  consequently  the  pressure  would 


Fig.  21     Arrangement  of  Test  for  determining  Flow  in  Pipe 


be  lower  than  it  would  be  with  the  standard  barometer.  This  is  the 
correction  for  both  inlet  temperature  and  barometer,  to  the  pressure 
of  compression  and  not  to  the  inlet  volume.  As  previously  stated, 
the  work  done  in  foot-pounds  per  pound  of  air  remains  constant; 
hence,  having  found  the  work  in  foot-pounds  per  pound  of  air  over 
the  actual  test  conditions,  it  is  possible  to  substitute  in  equation  [4], 
the  value  of  the  standard  inlet  temperature  in  deg.  fahr.  absolute, 
and  a  standard  barometer  reading,  and  in  this  way  to  calculate  the 
final  pressure  in  the  discharge  for  the  standard  conditions. 

57  If  Pi  and  T2  are  the  absolute  pressure  and  temperature  at  the 
inlet  to  which  the  test  results  are  to  be  corrected,  it  follows  that  the 
corrected  discharge  pressure  P/  will  be  given  by  the  equation, 


P,'  =  P2 


ITs'  . 


©'*.i-r 


1678  CENTRIFUGAL    BLOWER    FOR    HIGH    PRESSURES 

which  is  the  form  to  be  used  in  all  cases  where  the  discharge  pressure 
is  to  be  corrected  to  constant  conditions. 

.58  In  Fig.  16,  let  AB  represent  the  curve  of  pressure  as  deter- 
mined from  the  original  test  data,  and  assume,  for  instance,  that  the 
temperature  reading  at  the  intake  was  higher  than  the  standard,  or 
that  the  barometer  was  lower  than  the  standard,  test  points  on  the 
curves  being  represented  by  the  crosses.  The  method  of  determining 
the  pressure  for  standard  conditions  then  would  be  to  calculate  the 
pressures  on  the  line  CD,  as  shown  in  Fig.  16,  the  curve  being  plotted, 
however,  on  the  original  volume  lines. 

59  When  it  is  impossible  to  test  a  blower  with  the  discharge 
going  to  the  atmosphere,  as  when  a  nozzle  is  used  as  shown  in  Fig. 
8,  the  discharge  may  be  measured  by  obtaining  the  velocity  in  the 
discharge  pipe  by  means  of  a  pitot  tube.  These  measurements  are 
not  always  reliable,  however,  as  ordinarily  made,  since  great  diffi- 
culty is  experienced  in  obtaining  the  true  static  pressure  of  a  moving 
fluid,  for  the  reason  that  the  "pressure  end"  of  the  tube  itself  dis- 
turbs the  stream  lines,  and  hence  inaccurate  readings  are  probable. 

60  If  a  pitot  tube  is  used  in  the  ordinary  way  the  pressure  end 
should  consist  of  a  thin  plate  about  4  in.  long  by  about  2  in.  wide, 
having  a  slit  about  1/32  in.  wide  and  2  in.  long  at  its  center.  A 
collecting  chamber  back  of  the  slit  connected  to  the  search  pipe 
tends  to  eciualize  the  pressure  and  give  a  true  static  pressure  reading; 
but  great  care  is  necessary  to  see  that  the  flat  plate  is  exactly  parallel 
to  the  stream  lines  at  the  point  the  pressure  is  desired. 

61  A  method  of  determining  the  flow  in  pipes  which  the  writer 
believes  is  far  more  accurate  and  reliable  than  ordinary  pitot  tube 
readings  is  shown  in  Fig.  21.  A  well  rounded  nozzle  having  an  area 
of  one-fourth  to  three-fourths  that  of  the  pipe  is  bolted  in  between 
two  flanges. 

62  On  the  high-pressure  side  of  the  nozzle  there  is  a  gage  A  and 
a  thermometer  (not  shown),  and  a  second  gage  B  has  one  leg  con- 
nected to  the  high-pressure  side  of  the  nozzle  and  the  other  to  the 
low-pressure  side,  thus  giving  the  drop  of  pressure  through  the 
nozzle.  A  pitot  search  tube  is  fitted  on  the  low-pressure  side  of  the 
nozzle  as  shown  in  the  figure.  This  search  tube  has  its  opening 
pointed  directly  against  the  flow  through  the  nozzle,  and  should  have 
a  graduated  scale  so  that  its  position  in  front  of  the  nozzle  can  be 
accurately  known. 

63  The  advantages  of  this  arrangement  are  that  the  difficulty  of 
obtaining  a  true  pressure  reading  is  avoided,  and  a  number  of  checks 
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may  be  made  on  the  readings  taken,  so  that  should  inaccuracies 
occur  for  any  reason,  they  can  be  immediately  detected  and  the 
trouble  located. 

64  From  Bernouilli's  theorem,  the  sum  of  the  pressure  head  and 
velocity  head  must  always  be  equal,  hence,  with  the  search  tube  E 
in  the  position  shown  in  Fig.  21,  the  pressure  differences  shown  by 
gages  B  and  C  must  be  equal.  Also,  if  the  connection  D  to  gage  C 
be  disconnected,  the  pressure  indicated  by  gage  C  must  equal  the 
pressure  shown  by  gage  A.  Also,  if  gage  C  is  connected  to  the  pipe 
by  D,  but  the  pitot  tube  disconnected,  the  sum  of  gages  B  and  C 
must  equal  the  pressure  indicated  by  gage  A.  If  these  various  read- 
ings check,  it  follows  that  the  static  pressures  are  being  accurately 
measured  and  that  the  pitot  tube  is  pointing  directly  into  the  stream. 

65  Having  thus  checked  the  correctness  of  the  measurements, 
the  jet  can  be  searched  by  moving  the  pitot  tube  across  the  nozzle 
at  regular  intervals  and  readings  taken,  from  which  the  velocity  at 
any  point  can  be  calculated  by  the  formula 


^•=Ni\-^4-gr] 


ewher 

Pi  is  the  absolute  pressure  above  the  nozzle 

Pa  is  the  absolute  pressure  below  the  nozzle 

Ti  is  the  observed  temperature  above  the  nozzle 

V  is  the  velocity  in  feet  per  second 
With  V  known  and  a  known  area  of  discharge,  the  volume  passing 
can  be  calculated. 

66  By  this  method,  if  the  observations  are  carefully  made,  the 
error  should  not  exceed  a  very  small  fraction  of  1  per  cent.  It  may 
not  be  out  of  place  to  add  that  too  great  care  cannot  be  taken  to 
make  sure  that  there  are  no  air  leaks  in  the  connections  to  the  gages, 
as  even  a  pinhole  may  cause  a  very  considerable  error  in  the  readings. 

67  In  the  following,  in  order  to  show  the  method  of  working  up  a 
test  on  a  centrifugal  blower,  the  actual  readings  taken  during  a  1- 
hour  test  on  a  30,000  cu.  ft.  blower  have  been  used.  The  results 
have  been  worked  out  by  seven-place  logarithms,  using  the  formulae 
as  given  under  tests. 

68  For  practical  purposes,  however,  it  is  rather  inconvenient  to 
work  out  the  values  of 

P  \"'-' 


-1 
VPa/ 
and 
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|[ttP']^^F' 


by  logarithms,  and  therefore  the  writer  has  prepared  a  set  of  curves 
for  the  value  of 

'2/ 
p  , 

for  various  values  of  — ,  which  may  also  be  used  for  the  solution 

Pi 
of  the  equation  for  the  pressure  correction. 
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APPENDIX 

TEST    ON    WESTINGHOUSE    TURBINE    BLOWER 

Nozzle:  12 J  in. 

Static  head:  Pi  =86.6  in.  water+26.66  in.  mercury  =32.96  in.  mercury. 

Barometer  P2  =  26.66  in.  mercury 

Intake  temperature:  ig  =  46.8  deg.  fahr.;  T'2  =  507.5  deg.  fahr.  abs. 

Discharge  temperature:  <i=92.6  deg.  fahr.;  Ti  =553.3  deg.  fahr.  abs. 

Total  input  to  motor  =  432.7  kw. 

input  to  exciter  =  4.04  kw. 

input  motor  only  =428.66  kw. 
Efficiency  motor  =  89.6  per  cent  taken  from  curve  including  windage 
Area  of  nozzle:  0.817  sq.  ft. 


jer  lb.  of  a 


TF  =  work  in  ft-lb.  per  lb.  of  air 

=  184.754  X  T-i  X  ]  (  „'  V^   - 1  !■  =  5923 


T'2  is  the  absolute  temperature  at  outlet  of  nozzle 

V^olume  per  minute  in  cubic  feet  at  temperature  T'2  =  Vol.  T'o 


Vol.  T..'  =  109.079  \Ti    1-  ,  /^,.v-i ^ Area  X  60  =  30,659  cu.  ft 


i(r-^-i 


V^l^o  ,Vol.Ty520.7^gi^y^3Q,,o 


F«0F==Vol.  of  1  lb.  of  air  at  60  deg.  fahr.  and  barometer 

Airh.p.  =  ^i:^X-^  =  373.99 
^        780F  33,000 

To  find  Vso:   pv  =  RT     p  in  lb.  sq.  ft.  =barometer 

53.35  X  520.7 

^"=         B^. 

Barometer  =  26.66  in.  mercury  =  1887  lb.  sq.  ft. 
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Efficiency  derived  from  temperatures: 

7—1 


.  -W'  ] 


E'  =  ^-^-~-—- =*  =09.997  per  cent 

7*1=553.3 

7'.  =  507.5 

Efficiency  derived  from  motor  input: 

Air  h.p.  =373.99     Input  to  motor  only  =  428.66  kw. 

Input  to  motor  and  exciter  =  432.70  kw. 

^        „  air  h.p. 

Overall  = : =  64.479  per  cent 

total  mput  to  motor  m  h.p. 

air  h.p. 

Blower  = =72.641  per  cent 

(motor  mput  — exciter  input)  X  motor  m  h.p. 


^',=26.7        t^-^^ J  +  1 

L  520.7  J 


P'i=26.7        i^-^-^ =^  +  1  =32.837  in.  mercury 

L  520.7  '  ^ 

P'i-P'2  =  32.837 -26.7  =6.137  in.  mercury 

=  48.23  ounces  per  sq.  in.  corrected  to  26.7  in.  barometer 
and  60  de  r.  fahr.  at  the  inlet. 


RULES  FOR  CONDUCTING  PERFORM 
ANCE  TESTS 


OF 


POWER    PLANT  APPARATUS 


EMBRACING 


1  Boilers 

2  Reciprocating  Steam  Engines 

3  Steam  Turbines 

4  Complete  Steam  Power  Plants 

5  Pumping  Machinery 

6  Complete  Pumping  Plants 

7  Compressors,  Blowers,  and  Fans 

8  Locomotives 

9  Gas  Producers 

10  Gas  and  Oil  Engines 

11  Complete  Gas  Power  Plants 

12  Waterwheels 


PRELIMINARY  REPORT  OF  POWER  TEST  COMMITTEE, 

CODES  OF  1912,  THE  AMERICAN  SOCIETY  OF 

MECHANICAL  ENGINEERS,  NEW  YORK 


To  THE  Society: 

In  submitting  the  following  preliminary  report  of  the  Committee 
on  Power  Tests,  which  was  appointed  May  4,  1909,  with  the  object 
of  revising  and  extending  the  present  testing  codes  of  the  Society 
relating  to  power  plant  apparatus,  the  Committee  desires  a  full  dis- 
cussion and  criticism  of  the  report  by  members  of  the  Society  and 
others  who  are  interested  in  the  subject. 

The  Committee  wishes  to  impress  upon  those  offering  suggestions 
the  desirability  of  stating  explicitly  in  writing  the  additions,  omis- 
sions, or  changes  of  language  to  make  the  report  conform  to  the 
views  expressed.  It  will  be  a  great  help  to  the  Committee  if  this 
request  is  literally  complied  with. 

It  should  be  borne  in  mind  that  the  report  cannot  be  expected 
to  deal  with  all  the  refinements  of  laboratory  tests  or  to  conform  to 
the  methods  practised  by  every  individual  who  engages  in  testing 
work;  but  it  is  intended  to  set  forth  the  correct  governing  principles 
and  serve  the  practical  purposes  of  the  engineering  public. 

When  the  preliminary  report  has  been  fully  discussed  and  criti- 
cised the  Committee  will  make  a  final  revision  for  publication  in 
the  Transactions. 

Respectfully  submitted, 

COMMITTEE   ON  POWER  TESTS 

By  Geo.  H.  Barrus 
Vice-Chairman 
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INSTRUCTIONS  REGARDING  TESTS  IN  GENERAL 

1     OBJECT 

Ascertain  the  specific  object  of  the  test,  and  keep  this  in  view  not 
only  in  the  work  of  preparation,  but  also  during  the  progress  of  the 
test,  and  do  not  let  it  be  obscured  by  devoting  too  close  attention 
to  matters  of  minor  importance.  Whatever  the  object  of  the 
test  may  be,  accuracy  and  reliability  must  underlie  the  work  from 
beginning  to  end. 

If  questions  of  fulfillment  of  contract  are  involved,  there  should 
be  a  clear  understanding  between  all  the  parties,  preferably  in 
writing,  as  to  the  operating  conditions  which  should  obtain  during 
the  trial,  and  as  to  the  methods  of  testing  to  be  followed,  unless  these 
are  already  expressed  in  the  contract  itself. 

Among  the  many  objects  of  performance  tests,  the  following  may  be 
noted : 

Determination  of  capacity  and  efficiency,  and  how  these  compare  with 
standard  or  guaranteed  results 

Comparison  of  different  conditions  or  methods  of  operation 

Determination  of  the  cause  of  either  inferior  or  superior  results 

Comparison  of  different  kinds  of  fuel 

Determination  of  the  effect  of  changes  of  design  or  proportion  upon 
capacity  or  eflBciency,  etc. 

2     PREPARATIONS 

(A)  Dimensions 

Measure  the  dimensions  of  the  principal  parts  of  the  apparatus 
to  be  tested,  so  far  as  they  bear  on  the  objects  in  view,  or  determine 
these  from  correct  working  drawings.  Notice  the  general  features 
of  the  same,  both  exterior  and  interior,  and  make  sketches,  if  needed, 
to  show  unusual  points  of  design. 

The  dimensions  of  the  heating  surfaces  of  boilers  and  superheaters  to  be  found 
are  those  of  surfaces  in  contact  with  the  fire  or  hot  gases.  The  submerged 
surfaces  in  boilers  at  the  mean  water  level  should  be  considered  as  water- 
heating  surfaces,  and  other  sm-faces  which  are  exposed  to  the  gases  as 
superheating  surfaces. 
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In  the  case  of  condensers,  feedwater  heaters,  and  the  Uke,  the  outside 
surfaces  are  to  be  taken.  In  reheaters  and  steam  jackets,  the  surfaces 
to  be  considered  are  those  exposed  to  tlie  steam  of  lower  pressure. 

The  dimensions  of  engine  cyhnders  should  be  taken  when  they  are 
cold,  and,  if  extreme  accuracy  is  required,  as  in  scientific  investigations, 
corrections  should  be  applied  to  conform  to  the  mean  working  tempera- 
ture. If  the  cylinders  are  much  worn,  the  average  diameter  should  be 
found.  The  clearance  of  the  cylinders  may  be  determined  approximately 
from  working  drawings  of  the  engine.  For  accurate  work,  when  prac- 
ticable, the  clearance  should  be  determined  by  the  water  measurement 
method.     (See  Appendix  No.  1  for  water  determination  of  clearance.) 

(B)  Examination  of  Plant 

Make  a  thorough  examination  of  the  physical  condition  of  all  parts 
of  the  plant  or  apparatus  which  concern  the  object  in  view,  and 
record  the  conditions  found,  together  with  any  points  in  the  matter 
of  operation  which  bear  thereon. 

In  boilers,  for  example,  examine  for  leakage  of  tubes  and  riveted  or  other  metal 
joints.  Note  the  condition  of  brick  furnaces,  grates  and  baffles.  Examine 
brick  walls  and  cleaning  doors  for  air  leaks,  either  by  shutting  the  dam- 
per and  observing  the  escaping  smoke  or  by  candle-flame  test.  Deter- 
mine the  condition  of  heating  surfaces  with  reference  to  exterior  deposits 
of  soot  and  interior  deposits  of  mud  or  scale. 

See  that  the  steam  main  is  so  arranged  that  condensed  and  entrained 
water  cannot  flow  back  into  the  boiler. 

Ascertain  the  interior  condition  of  all  steam,  air,  gas,  or  water  cylin- 
ders and  the  condition  of  their  pistons,  and  of  water  plungers  and  im- 
pellers, together  with  the  valves  and  valve-seats  belonging  thereto.  Locate 
vacuum  leaks  in  exhaust  piping,  condenser,  packings,  etc..  using  vacuum 
gage  or  candle-flame  test.  Examine  steam,  air,  gas,  or  water  piping,  traps, 
drip  valves,  blow-off  cocks,  safety  valves,  relief  valves,  heaters,  etc.,  and 
make  sure  that  they  do  not  leak.  Determine  the  condition  of  the  blading, 
nozzles,  and  valves  in  steam  turbines,  and  of  buckets,  guides  and  draft- 
tubes  in  water  turbines. 

See  Appendices  Nos.  2  and  3  for  general  methods  of  leakage 
examination  and  test. 

If  the  object  of  the  test  is  to  determine  the  highest  efficiency  or 
capacity  obtainable,  any  physical  defects,  or  defects  of  operation, 
tending  to  make  the  result  unfavorable  should  first  be  remedied; 
all  fouled  parts  being  cleaned,  and  the  whole  put  in  first-class  condi- 
tion. If,  on  the  other  hand,  the  object  is  to  ascertain  the  performance 
under  existing  conditions,  no  such  preparation  is  either  required  or 
desired. 

(C)  General  Precautions  against  Leakage 

In  steam  tests  make  sure  that  there  is  no  leakage  through  blow- 
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offs,  drips,  etc.,  or  any  steam  or  water  connections  of  the  plant  or 
apparatus  undergoing  test,  which  would  in  any  way  affect  the  results. 
All  such  connections  should  be  blanked  off,  or  satisfactory  assurance 
should  be  obtained  that  there  is  leakage  neither  out  nor  in.  This  is 
a  most  important  matter,  and  no  assurance  should  be  considered 
satisfactory  unless  it  is  susceptible  of  absolute  demonstration. 
See  Appendix  No.  3  for  further  details. 

(D)  Apparatus  and  I  instruments 

Select  the  apparatus  and  instruments  specified  in  the  Code  of 
Rules  applying  to  the  test  in  hand,  locate  and  install  the  same,  and 
complete  the  preparations  for  the  work  in  view. 

The  arrangement  and  location  of  the  testing  appliances  in  every 
case  must  be  left  to  the  judgment  and  ingenuity  of  the  engineer  in 
charge,  the  details  being  largely  dependent  upon  locality  and  sur- 
roundings. One  guiding  rule,  however,  should  always  be  kept  in 
view,  viz.,  see  that  the  apparatus  and  instruments  are  substantially 
reliable,  and  arrange  them  in  such  a  way  as  to  obtain  correct  data. 

A  summary  is  given  below,  embracing  the  entire  list  of  apparatus 
and  instruments  referred  to  in  the  various  Codes,  with  descriptions 
of  their  leading  features,  methods  of  application  and  use,  and,  where 
needed,  methods  of  calibration;  these  particulars  being  supplemented 
in  some  instances  by  further  descriptions  in  the  Appendix. 

(a)  Weighing  Scales.  For  determining  the  weight  of  coal,  oil,  water,  etc.,  ordi- 
nary platform  scales  serve  every  pm-pose.  Too  much  dependence, 
however,  should  not  be  placed  upon  their  reUabUity  without  first  caU- 
brating  them  by  the  use  of  standard  weights,  and  carefully  examining  the 
knife-edges,  bearing  plates,  and  ring  suspensions,  to  see  that  they  are  all 
in  good  order. 

Other  scales  required  in  connection  with  test  work  are  small  scales  for 
weighing  coal-samples  used  in  drying,  and  laboratory  scales  for  analysis 
and  calorific  determinations  pertaining  to  fuels.  Such  scales  should  be 
sensitive  to  1/1000  of  the  quantity  weighed. 

For  testing  locomotives  and  some  classes  of  marine  boilers,  where 
room  is  lacking,  sacks  or  bags  are  sometimes  required  to  facilitate 
the  handling  of  coal,  the  sacks  being  previously  weighed  at  the  time 
of  filling. 

(b)     Water  Weighing  and  Measuring  Apparatus. 

(1)  Feedwater.  Wherever  practicable  the  feedwater  should  be 
weighed,  especially  for  guarantee  tests.  The  most  satisfactory  and 
reliable  apparatus  for  this  purpose  consists  of  one  or  more  tanks 
each  placed  on  platform  scales,  these  being  elevated  a  sufficient  dis- 
tance above  the  floor  to  empty  into  a  receiving  tank  placed  below, 
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llie  latter  being  comiected  to  the  feed  yuiiip.  Where  only  one  weigh- 
ing tank  is  used  the  x-eceiving  tank  should  be  of  larger  size  than  the 
weighing  tank,  to  afford  sufficient  reserve  isupyly  to  the  puuiy  while 
the  upper  tank  is  filling.  If  a  single  weighing  tank  is  used  it  should 
preferably  be  of  such  capacity  as  to  require  emptying  not  oftener 
than  every  five  minutes.  If  two  or  more  are  used  the  intervals 
between  successive  emptyings  should  not  be  less  than  three  minutes. 

In  tests  of  complete  steam  power  plants,  where  it  is  required 
to  measure  the  feedwater  without  unnecessary  change  in  the  work- 
ing conditions,  a  water  meter  may  be  employed.  Meter  measure- 
ment may  also  be  requii'ed  in  many  other  cases,  sudh  as  locomotive 
and  marine  service.  The  I'eliability  of  meters  should  be  determined 
by  calibration  in  place  under  conditions  of  use. 

If  a  large  quantity  of  water  is  to  be  measured,  a  rotary,  disk,  or 
Venturi  meter,  or  some  form  of  orifice  measurement  may  be  employed. 
In  the  latter  case  the  orifice  should  be  calibrated  under  the  conditions 
of  use,  unless  its  design  is  such  that  standard  formuke  and  constants 
may  be  applied  for  determining  the  discharge. 

See  Appendix  No.  4  for  methods  of  calibrating  meters  and  Appen- 
dix No.  5    for  orifice  formula. 

(2)  Water  of  Condensation  Under  Pressure.  In  measuring  jacket 
water  or  any  supply  under  pressure  which  has  a  temperature  ex- 
ceeding 212  deg.  fahr,  the  water  should  first  be  cooled,  as  may  be 
done  by  discharging  it  into  a  tank  of  cold  water  previously  weighed, 
or  by  passing  it  througli  a  coil  of  pipe  submerged  in  running  and 
colder  water,  preventing  thereby  the  loss  of  evaporation  which  oc- 
curs when  such  hot  water  is  discharged  into  the  open  air.  If  such 
water  is  untrapped  the  drain  pipe  should  be  provided  with  a  gage 
glass  and  the  outlet  choke<l  so  as  to  keep  the  water  in  sight  in  the 
glass. 

(3)  Water  Flowing  in  Streams  and  Canals.  Weirs,  current  me- 
ters, float  rods,  etc.,  are  required  for  measuring  the  water  discharged 
by  pumping  engines,  and  that  used  by  waterwheels.  (For  descrip- 
tion see  Appendix  No.  5.) 

(c)  Steam  Measuring  Apparatus.  Various  forms  of  steam  meters 
may  be  employed  for  measuring  steam,  provided  such  meters  are 
properly  calibrated  under  conditions  of  use.  and  the  pulsations  of 
pressure,  if  any,  are  not  serious.  For  measuring  the  steam  used  by 
the  auxiliaries  of  a  steam  plant,  either  individually  or  collectively, 
the  orifice  form  of  steam  meter  may  be  used,  consisting  of  an  orifice 
in  a  plate  inserted  between  the  two  halves  of  a  pair  of  flanges  in  the 
pipe  through  which  the  steam  passes,  or  placed  in  a  by-pass  through 
which  the  steam  is  diverted,  with  gage  pipe  on  either  side  for  deter- 
mining the  fall  of  pressure.  The  quantity  of  steam  represented  by 
the  various  differences  of  pressure  which  occur,  may  be  found 
by  arranging  the  apparatus  so  as  to  draw  steam  through  the  orifice, 
and  discharge  it  into  a  tank  of  water  resting  on  platform  scales,  by 
which  its  actual  weight  in  a  given  time  is  determined. 
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A  plate  %  in.  thick  coutiiining  an  orilice  1  in.  (iianieter,  witli 
.square  edges,  will  discharge  the  approximate  quantities  of  dry 
steam  per  hour  given  in  Table  1,  with  various  pressure  drops,  the 
pressure  below  the  orifice  being  100  lb.  by  gage. 

TABLE   1       DISCHARGE  THROUGH    ORIFICE   1   IN.   DIAMETER,    100   l.H. 

PRESSURE 
Pressure  Lb.  of 

Drop,  Lb.  Dry  Steam 

Per  Sq.  In.  Per  Hour. 

I/,    430 

1 015 

•2     030 

3     1200 

4     1400 

.5     1560 

10    2180 

13 2040 

20    3050 

The  water-glass  method  affords  an  approximate  means  of  deter- 
mining the  steam  consumption  of  auxiliaries,  and  for  measuriiiii^  tlic 
leakages  of  steam  and  water  from  the  boiler  and  its  connections. 
(See  Appendix  No.  3  for  description > of  water  glass  niothnd. ) 

(d)  Oas  and  Air  Measuring  Apparatus.  Apparatus  to  be  used  for 
measuring  gas  and  air  embraces  gas  meters,  gasometers,  Venturi 
meters,  orifices  and  pitot  tubes.  The  standard  of  reference  for  cali- 
brating apparatus  for  this  purpose  is  the  gasometer.  If  a  pitot  tube 
is  used,  and  this  instrument:  cannot  be  calibrated  by  actual  meas- 
urement, the  constants  employed  should  be  those  obtained  from  a 
similar  instrument  which  has  been  calibrated  by  actual  reference  to 
gasometer  measurement  nixh-r  as  nearly  as  possible  the  same  con- 
ditions. 

Directions  for  using  (ho  pilot  tube  for  gas  and  air  measurement 
are  given  in  Appendix  No  6. 

In  this  connection  attention  is  directed  to  the  electric  method  of 
gas  measurement  lU'oposed  by  Mr.  C.  C.  Thomas  and  described  in  liis 
paper  in  Volume  No.  31  of  the  Transactions,^  also  to  orifice  measure- 
ments described  by  K.  J.  Durley,  in  ^'oIume  27.- 

(e)  Anemometers.  For  determining  the  approximate  quantity  of  air 
discharged  under  light  pressures  by  fans  or  blowers,  or  the  amount 
of  air  used  in  the  combustion  of  fuels,  an  anemometer  of  the  fan- 
wheel  type  may  be  used,  provided  all  the  air  can  be  passed  through 
one  or  more  openings  of  suitable  size  in  which  the  anemometer  may 
be  placed.     These  openings  should  preferably  he  of  such  size  (s;iy  :tt 

1  C.  C.  Thomas,  An  Electric  Gas  Meter.     Trans.  Am.  Soc.  M.  E.,  vol.  31,  p.  055. 

'  R.  J.  Durley,  On  the  Measurement  of  Air  Flowing  into  the  Atmosphere  through  Circular 
Orifices  in  Thin  Plates  and  under  Small  Differences  of  Pressure.  Tran.s.  Am.  Soc.  M.  E.,  vol.  27, 
p.  193. 


lOVU  REPORT   OF   POTTER    TEST    COMMITTEE 

least  15  in.  *q.  •  tiist  lie  resistaru-e  ir.torixv?ed  by  liie  instrumem 
(t*!e  fsn  beir.e  sbour  2^  in.  in  diameter)  may  be  neglected.  The  in- 
/-  use,  cau  be«t  be  supported  on  the  aid  of  a  small  rod 
•  -  ,  acnxssi  tli<?  oivn  end,  also  up  aud  down,  so  as  to 
obtain  an  av«a§e  for  the  whole  area.  In  the  ease  of  very  large 
opeaiii^s  the  axea  should  be  subdivided  into  a  number  of  equal  partsi. 
the  vekx-itx  determined  for  each  subdivision,  and  the  results  aver- 
aged. 

1?  ti^Tis!!?-  calibrated  by  mounting  it  on  tie  end  of 
a  »vii^  ij.i.i  li^i.;  c;an  he  revolv^  around  a  central  point 

isd  its  r>cadip£r  «.-  a  tl2e  relvvity  of  the  rod  when  moved  in 

siill  air.     w:  ans  can  he  provided  for  calibrating  the 

aiiemosieter  tely  its  working  conditions,  such  calibra- 


The  V. :  air  supplied  for  combustion  in  boiler  and  other 

furnaces  ma>"  fc«e  dei^-mined  from  the  analysis  of  the  products  of 
c>?mbustioc  using  the  formula  c:5ven  iii  the  Boiler  C^xie.  p.  1724. 

(/)     terpen*  for  Sirt'r.r  C-^cl.     The  dimensions  of  screai  op«iings  to  be 
used  for  sizing  coals  are  given  in  Table  2:  the  sires  in 

each  c-ase  being  :__  .  -_-::g  through  which  the  specified  grade  will 
pass^  and  that  over  which  it  will  be  carried  without  i>assing  through. 
The  v»peninsr5  referred  to  are  circular. 

TABI£  2     AXTKRACITE  COAL  SIZES 


DaairseTier  of  opening  riii:_;:t:r   ;:   rr'enir.g 

tisvMs^  Off-  OTer  -B-iiA  Tirc-^i  ex  cvej  -is-hich 

eoal  '■oU  psss.  is.  cc^  vHI  pass.  in. 

Xa2E»e 


^50T-e 

CSMSsaat- 
Pes- 


Ti:^^;^ 

Ot^et 

A    12       1 
3    1,4 
2  5/16 

1    5/8 

3    1.4 
2   5,  16     i 

i    5/8 

7/8       ! 

Xo- 
Xa.- 
Xo.  S 
fVihn 

O-re- 


The  sizes  and  grades  of  birumiDOus  an  -                          -  -  -i-.ry 

so  much  ac-vowiing  to  feind  aud  kvality  rl                    ..  _-  ;•:  '-    ' 

siie  for  these  coals  which  are  generally  r       .               (For  I  - 
o:<al  sizes  see  Appendix  No.  7.) 

Pres^mre  Gaffes.    For  ^termining  steam  pr^^.u>r  :iie  steam  gases 

bd'(H]^ing  to  the  plant  may  lie  used,  provided  they  are  compared 

~-'-"        .   .  ■      -        .     r  mercurj  !  verified. 

-  \rM«ir  ,.  _    :i  the  con- 

For   :-  -         -.  -     -re.   a   U-tube  mer- 
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cury  gage  may  t>e  employ**!  or  a  iq^ning  gage  nmy  be  axed,  provided 
it  Jh  reforrwJ  to  a  htaiirljinJ  and  ':orr<.-'.-l<;<l  for  uater  lu  the  '.ir/rij»<^.-tliig 
pljK;,  In  <^'a«e»  where  extremely  hijgh  vac-namji  are  t^>  f^  mea^are^l. 
an  In  tarbiije  pra<:rtice,  the  aI^solate-pre«(«rare  gage  is  tisefnl,  prorided 
the  exhauKtion  iM  c.-'jmplete  ami  afterwardi*  uo  air  i«  admitted. 

For  determining  «team  iir**«ure  on  the  two  8ide«  of  an  orifk*, 
two  gage»  «b<^;uld  t>*:  u«ed  which  are  r^arefully  graduated  t/>  single 
jxjundii,  or,  wtiat  i»  l)etter,  r>ne  g»ge  Ktioald  i>r;  nii48)d  and  this  piped 
up  HO  as  to  <:(>un(i»:t  at  will  to  elth«-r  Kide  of  the  orifice.  A  diff€T«i- 
tial  gage  may  alfso  be  emplo^'ed,  indicating  at  once  the  pre«tmre 
drop. 

For  determining  tlie  water  presirare  in  the  force  main  of  a  ptimp- 
ing  engine,  the  gage  should  f>e  one  which  ik  Kenxitire  to  changieB 
amounting  to  '/i*  i>er  cent  of  the  prewmre  iodioated.  If  Koch  a  gage 
is  not  a  part  of  the  e<|aipment  of  the  plant,  a  ispecial  test  gage  should 
be  attached- 

Between  the  gage  and  the  force  main  a  small  reserrofr  baving  an  air 
chamber  should  be  interposed,  in  the  manner  sbown  in  Appendix  No.  8, 
fio  as  to  prevent  ondne  flaetnations  of  the  eagte  and  allow  the  e^iee 
cock  to  be  ran  wide  open.  By  means  of  a.  t»9t  glass  on  the  ^de  of  the 
chamber  and  an  air  ralve,  the  arera^  water  level  may  tie  adjusted  to 
the  height  of  ttte  center  of  tiie  gage,  and  correctiOD  for  tliis  element 
of  Tariation  z.\()SiAi^L  If  not  thus  adjusted,  the  reading  is  to  1)e  re- 
ferred to  the  level  shown,  wliatever  this  may  lie. 

For  calibrating  gages  indicating  pressures  above  the  atmo^h^e. 
the  dead-wei^t  testing  apparatus  which  is  mairafactared  by  many 
of  the  i^rominent  gage  njakers  ruay  l.e  employed  as  a  standard  of  com- 
parison. It  consists  of  a  vertical  plungO'  nic^y  fitted  to  a  cylinder 
containing  oil  or  glycerine,  through  the  mediam  of  which  the  pressnre 
is  transmitted  to  the  gage.  The  plunger  is  surmounted  by  a  circular 
stand  on  which  weights,  may  be  placed,  and  by  means  of  which  any 
desired  j»res-STire  can  be  secured.  The  total  wei^t,  in  poimds,  on  the 
plunger  at  any  time,  divided  by  the  average  area  of  the  plunger  and 
of  the  bushing  which  receives  it,  in  square  inches,  gives  the  pressm'e 
in  pounds  per  square  inciu 

Another  standard  of  fxanparisfm  is  the  mercury  column.  If  this 
instrument  i?  tised,  assuranc-e  must  be  had  that  it  is  properly  grad- 
tiated  with  reference  to  the  ever- varying  zero  point:  that  the  mer- 
cury is  ptire,  and  tliat  the  pr«q)er  correction  is  made  for  any  differ- 
ence of  temperature  that  exists,  compared  with  the  temperature  at 
whic^i  the  instrument  was  graduated. 

For  pressures  below  the  atmo^here,  an  air  piunp  or  sc«ne  otbar 
means  of  producing  a  vacuum  is  required,  and  rrferraice  must  be 
nlade  to  a  mercury  gage.  Such  a  gage  may  be  a  U-tube  having  a 
length  of  30  in.  or  so,  with  both  arms  properly  filled  with  pure  mer- 
cury. 

Hie  practice  of  choking  tlie  gage  cock  to  redoee  flnetuatfoDS  of  the 
gage  pointed,  if  carried  too  far,  is  oi^eetioDable,  e^eeiallr  when  there 
is  leaicage  around  the  plug.  The  pressure  indicated  undo-  these  eir- 
enmstances  is  less  than  the  true  pressure.     Before  reading  a  gage  of 


1696  REPORT  OF  POWER  TEST  COMMITTEE 

the  spring  t.vpe,  the  free  working  of  the  mechanism  within  should  Uo 
assured  by  tapping  the  outside  of  the  gage  and  thereby  slightly  moving 
the  pointer. 

(h)  Thermometers.  Thermometers  should  be  of  the  kind  having  grad- 
uations marked  on  the  glass  stem.  Those  used  for  temperatures 
above  the  l)oiling  point  of  mercury  (say  450  dog. — 300  deg.)  should 
have  nitrogen  in  the  top  of  the  bore.  They  should  also  have  a  small 
safety  bulb  at  the  top.  Thermometers  constructed  in  this  way  can 
be  used  satisfactorily  up  to  1000  deg.  fahr. 

Thermometers  which  are  used  for  important  data  should  be  cali- 
brated before  and  after  a  test,  by  reference  to  standard  ther- 
mometers. 

Standard  thermometers  are  those  which  indicate  212  deg.  fahr.  in 
steam  escaping  from  boiling  water  at  the  normal  barometric  pressure 
of  29.92  in.  (referred  to  32  deg.),  the  whole  stem  up  to  the  212  deg. 
point  being  surrounded  by  the  steam  ;  and  which  indicate  32  deg.  fahr. 
in  melting  ice,  the  stem  being  likewise  completely  immersed  to  the  32 
deg.  point  ;  and  which  are  calibrated  for  points  between  and  beyond 
these  two  reference  marks  For  temperatures  between  212  deg.  and 
400  deg.  fahr.,  the  comparison  of  the  thermometer  should  be  made 
with  the  temperature  given  in  Marks  and  Davis  Steam  Tables,  the 
method  required  being  to  place  It  in  a  thermometer  well  surrounded 
by  saturated  steam  under  sufficient  pressure  to  give  the  desired  tem- 
perature. The  pressure  should  be  determined  by  a  correct  gage,  and 
the  thermometer  should  be  immersed  to  the  same  extent  as  it  is  imder 
i  its  working  condition. 

A  thermometer  well  consists  of  a  hollow  plug  threaded  at  the  upper 
end  and  screwed  into  a  threaded  hole  in  the  top  of  a  horizontal  pipe, 
the  lower  part  extending  vertically  into  the  interior  of  the  pipe  as 
far,  if  pi-acticable,  as  the  center.  The  inside  diameter  should  be 
slightly  larger  than  the  outside  diameter  of  the  thermometer  tube  and 
the  well  should  be  filled  with  mercury  or  high-grade  mineral  oil  for 
temperatures  below  500  deg.,  and  with  soft  solder  for  higher  tempera- 
tures. 

For  superheated  steam  the  immersed  portion  should  be  fluted  so  as 
to  Increase  the  area  of  the  absorbing  surface. 

Thermometers  are  so  readily  broken  that  it  is  desirable  in  important 
tests  to  have  a  sufficient  number  on  hand  that  in  case  of  accident  the 
readings  will  not  be  interrupted.  These  spare  thermometers  should 
preferably  be  calibrated. 

(i)  Barometers.  For  important  or  extremely  accurate  steam  tests  and 
for  gas  engine  tests  the  pressure  of  the  atmosphere  should  be  taken, 
either  by  a  mercurial  or  Aneroid  barometer,  and  the  reading 
from  this  instrument,  reduced  to  pounds  pressure  per  square  inch, 
should  be  employed  in  determining  the  absolute  steam  pressure.  In 
many  cases  it  is  sufficient  to  refer  to  the  daily  records  of  the  nearest 
station  of  the  Government  Weather  Bureau.  Aneroid  barometers 
may  be  readily  calibrated  by  comparing  them  with  a  mercury  bar- 
ometer, making  proper  temperature  corrections. 

ij)  Hygrometers.  In  tests  where  the  hygrometric  conditions  of  the 
atmosphere  play  an  important  part,  it  is  necessary  to  use  a  hygrom- 
eter. The  ordinary  instrument  consisting  of  a  wet  and  dry  bulb 
thermometer  is  suitable  for  the  purpose.     The  hygrometric  tables 
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of  the  Govei'uiuent  which  may  be  obtained  from  the  Weather  Bureau, 
V.  S.  Dept.  of  Agriculture,  Washington,  D.  C,  can  be  referred  to  in 
maliing  the  required  computations.     See  Appendix  No.  9. 

(/i)  Pyrometers.  Metallic  pyrometers  used  for  (lotermining  high  tem- 
peratures must  be  handled  cautiously  owing  lo  the  difficulty  of  ex- 
posing the  whole  of  the  stem  to  the  current  of  gas,  the  temperature 
of  which  is  to  be  determined.  Electric  pyrometers  either  of  the 
thermo-couple  or  resistance  type  are  satisfactory  for  this  work 
where  the  temperatures  to  be  observed  are  not  too  high,  say  not 
over  2000  fahr.  Instruments  of  this  kind  can  readily  be  calibrated 
by  comparing  them  at  low  ranges  of  temperature  under  proper  con- 
ditions with  a  mercurial  thermometer,  (both  being  placed  for  ex- 
ample in  a  current  of  hot  air  the  temperature  of  which  is  under  con- 
trol), and  their  accuracy  at  higher  temperatures  judged  by  plotting 
the  results  on  a  chart,  finding  the  curve  of  error,  and  continuing  the 
curve  to  the  higher  ranges  desired.  For  extremely  high  temperatures 
such  as  that  of  a  boiler  or  producer  furnace,  the  optical,  pneumatic, 
and  radiation  pyrometers  may  he  used.     See  Appendix  No.  10. 

(l)  Draft  Gages.  The  simplest  form  of  draft  gage  is  the  ordinary  U- 
tube.  When  the  tube  is  kept  clean  and  the  two  legs  are  close  to- 
gether with  the  scale  extending  at  least  to  the  center  of  each  leg,  it 
gives  satisfactory  indications.  For  measuring  small  amounts  of  draft 
some  form  of  multiplying  gage  may  be  employed.  One  of  the  simplest 
multiplying  instruments  consists  of  a  U-tube  in  which  one  leg  is  in- 
clined from  the  horizontal  and  the  amount  of  multiplication  varies 
inversely  as  the  angle  of  inclination,  the  tube  being  filled  with  a  light 
mineral  oil.  Various  satisfactory  instruments  having  the  multiply- 
ing feature  are  on  the  market.  These  can  readily  be  calibrated  by 
comparison  with  the  simple  U-tube  gage  when  indicating  a  high  draft, 
say  one  inch  or  more.  It  is  preferable  to  use  alcohol  instead  of 
water  in  the  U-tube,  and  make  allowance  for  the  difference  of  specific 
gravity. 

(m)  Steam  Calorimeters.  The  most  satisfactory  instruments  for  deter- 
mining the  amount  of  moisture  in  steam  are  calorimeters  that  oper- 
ate upon  the  throttling  principle,  or  that  combine  the  throttling  and 
separating  principles ;  an  orifice  being  used  of  such  size  as  to  throttle 
to  atmospheric  pressure,  with  two  thermometers,  one  showing  the 
temperature  above  the  orifice  and  the  other  that  below  it.  If  no  com- 
mercial make  of  calorimeter  is  available  on  a  test,  an  instrument 
of  the  throttling  type  can  be  made  of  pipe  fittings  as  shown  in 
-Vppendix  No.  11. 

Directions  for  applying  sampling  nozzles  are  given  in  Part  III, 
Page  1713. 

Further  references  to  Steam  Calorimeters  are  included  in  Appendix 
No.  11. 

(n)  Coal  Cnlorimctrrf!.  Tn  determine  the  total  heat  of  combustion  of  a 
sample  of  coal  or  other  fnol.  the  best  form  of  calorimeter  to  use  is 
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oue  ill  which  the  fuel  is  burned  in  an  atmosphere  of  oxygen  gas. 
The  Mahler  type  of  caloriuieter  Is  recognized  as  the  most  complete 
and  accurate  apparatus  of  this  kind.  Where  the  engineer  conducting 
a  test  does  not  have  tliis  instrument,  or  some  other  reliable  calo- 
rimeter at  hand,  the  heat  units  can  be  deleniiined  by  seiidin.i!:  saiii|)les 
to  a  testing  laboratory  where  such  instruments  are  used. 

For  description  of  one  form  of  the  Mahler  Calorimeter  see  Ap- 
l>endix  No.  12. 

[0)  (j(is  Vuloriincters.  Tlie  total  heat  of  combustion  of  gas  should  lie 
found  by  burning  the  gas  in  the  Junker  calorimeter,  described  in 
Appendix  No.  13. 

if))  Coal  Auali/sis  Apparatus.  The  analyses  commonly  made  are  what 
are  termed  '"proximate"  analyses.  For  complete  determinations  of 
the  quality  of  coal,  it  is  necessary  also  to  make  the  "  ultimate " 
analysis.  Approved  methods  of  analysis  are  briefly  described  in 
Appendix  No.  14. 

(q)  Gas  Aualijsis  Apparatus.  For  determining  the  composition  of  flue 
gases  in  ordinary  boiler  work  one  of  the  simplest  and  most  conven- 
ient instruments  is  the  Orsat  apparatus.  This  instrument  can  readily 
be  used  by  the  person  conducting  a  test,  or  by  some  assistant  whom 
he  directs. 

For  determining  the  hydrogen  and  other  unburned  combustible  mat- 
ter in  the  flue  gases,  and  for  general  gas  analysis,  the  Hempel  appa- 
ratus, or  some  modification  thereof,  is  required  and  the  work  should 
l)e  entrusted  to  a  person  who  is  familiar  with  all  phases  of  the  sub- 
ject.    These  instruments  are  briefly  described  in  Appendix  No.   15. 

(r)  Appliances  and  Methods  Pertaining  to  Smoke  Determination.  No 
wholly  satisfactory  methods  for  either  quantitative  or  qualitative 
smoke  determinations  have  yet  come  into  use,  nor  have  any  reliable 
methods  been  established  for  definitely  fixing  even  the  relative  den 
sity  of  the  smoke  issuing  from  chimneys  at  different  times.  One 
method  commonly  employed  which  answers  the  pui'pose  fairly  well, 
is  that  of  making  frequent  visual  observations  of  the  chimney  at  in- 
tervals of  one  minute  or  less  for  a  period  of  one  hour  and  recording 
the  observed  characteristics  according  to  the  degree  of  blackness  and 
density,  and  giving  to  the  various  degrees  of  smoke  an  arbitrary  per- 
centage value  rated  in  some  such  manner  as  that  expressed  in 
Table  3. 

TABLE  3   SMOKE  PERCENTAGES 

Dense  black 100 

Medium    black SO 

Dense    gray tJO 

^Medium    grny ^0 

T.ight    gray 20 

Very  light ■'> 

Trace 1 

Clear    chimney 0 
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The  color  aud  density  of  smoke  depeiicl  soinewhat  on  the  charac- 
ter of  the  sky  or  other  background,  and  on  the  air  aud  weather  con- 
ditions obtaining  when  the  observation  is  made,  and  these  should 
be  given  due  consideration  in  making  comparisons.  Observations  of 
this  kind  are  also  subject  to  personal  errors  and  errors  of  judgment. 
Nevertheless,  these  methods  are  useful,  especially  when  the  results 
are  plotted,  according  to  the  percentage  scale  determined  on,  so 
that  a  graphic  representation  of  the  changes  can  be  shown. 

Various  forms  of  charts  and  clouded  glass  arrangements  for  com- 
paring and  fixing  smoke  densities  have  been  proposed,  aud  to  some 
extent  used,  but  these  have  proved  more  or  less  unsatisfactory  and 
they  are  subject  to  personal  errors,  and  to  sky,  wind,  and  weather 
conditions,  the  same  as  the  simpler  method  above  described. 

Among  the  chart  methods  referred  to,  the  use  of  the  Ringelmann 
smoke  chart  is  perli.-ips  the  most  familiar.  This  is  shown  in  Appen- 
dix No.  16. 

Another  method  of  smolve  determination  consists  in  the  use  of  a 
narrow  flat  metal  plate  suspended  in  the  flue,  the  character  of  the 
smoke  being  indicated  by  the  amount  and  quality  of  the  soot  and 
dust  deposited  upon  the  plate  in  a  given  time.  This  method,  like 
others,  is  useful  in  furnishing  a  means  of  comparison  in  different 
cases  rather  than  a  means  of  exact  determination. 

See  Appendix  No.  17  for  further  description. 

(s)  Indicators.  To  determine  the  amount  of  power  developed  by  an 
engine,  whether  a  steam  engine  or  an  internal -combustion  engine,  the 
instrument  required  is  the  widely-used  steam  engine  indicator.  One 
or  more  of  these  instruments  is  attached  to  the  cylinder  or  cylinders 
of  the  engine,  and  operated  from  the  cross-head  or  main  shaft  by  the 
use  of  proper  driving  rig.  As  to  the  selection  of  the  make  of  instru- 
ment, it  should  be  one  which  is  in  all  I'espects  of  first-class  construc- 
tion. 
For  fuller  particulars  see  Appendix  No.  18. 

it)  Planimeters.  To  determine  the  area  of  indicator  diagrams  from 
which  to  ascertain  the  mean  effective  pressure,  it  is  convenient  to 
use  some  form  of  planimeter.  The  simplest  and  probably  the  most 
desirable  instrument  is  the  familiar  Polar  planimeter,  in  which  the 
area  is  registered  in  square  inches. 

It  is  desirable  to  calibrate  a  planimeter  from  time  to  time  by 
running  it  over  a  figure  having  a  known  area,  such  as  a  right  angle 
triangle  of  say  4  in.  in  length  and  2  in.  in  height,  observing  whether 
it  checks  with  the  computed  area. 

(n)  Tachometeis  and  Other  Speed  Measuring  Apparatus.  For  deter- 
mining the  speed  of  revolution  of  an  engine  shaft,  especially  where 
the  speed  exceeds  300  r.p.m.,  a  convenient  instrument  is  a  tachometer 
which  continuously  indicates  on  a  dial  the  number  of  turns  per  min- 
ute. This  instrument  can  be  arranged  to  have  a  permanent  location 
and  to  be  operated  continuously  when  the  engine  is  running,  or  it  can 
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be  ;i  i)oi-lable  iustrumeut  wbicU  is  lield  iu  tJie  hand  and  applied  ior 
I  he  time  being  to  tlie  eud  of  the  sliaf  t.  These  iustruments  are  of  two 
general  classes,  viz:  dy-ball  aud  electro-maguetie. 

These  instruments  should  be  calibrated  by  i-omparis<ju  with  the 
record  obtained  by  counting  with  the  watcli  aud  a  si)oed  recorder  or 
indicator,  the  number  ut  turns  i)er  minute. 

The  determination  of  variation  of  speed  during  a  single  revolution, 
or  the  effect  due  to  sudden  changes  of  the  load,  is  desirable,  espe- 
cially in  engines  driving  electric  generators  used  for  lighting  pur- 
poses. There  is  no  recognized  standard  method  of  making  such  de- 
terminations, and  if  they  are  desired  the  method  may  be  devised  to 
suit  the  requirements. 

One  method  suggested  for  detern)ining  the  instantaneous  variation 
of  speed  which  accompanies  a  change  of  load,  is  desci'ibed  as  follows : 
A  screen  containing  a  narrow  slot  is  placed  on  the  end  of  a  bar  and 
\'ibrated  by  means  of  an  electric  current.  A  corresponding  slot  in  a 
stationary  screen  is  placed  parallel  and  nearly  touching  the  vibrating 
screen,  and  the  two  screens  are  placed  a  short  distance  from  the  fly- 
wheel of  the  engine  in  such  a  position  that  the  observer  can  look 
through  the  two  slots  in  the  direction  of  the  spokes  of  the  wheel. 
The  vibrations  are  adjusted  so  as  to  conform  to  the  trequency  with 
which  the  spolces  of  the  wheel  pass  the  slots.  When  this  is  done  the 
observer  viewing  the  wheel  through  the  slots  sees  what  appears  to 
be  a  stationary  flywheel.  When  a  change  in  the  velocity  of  the  fly- 
wheel occurs,  the  wheel  appears  to  revolve  either  backward  or  for- 
ward according  to  the  direction  of  the  change.  By  careful  observa- 
tions of  the  amount  of  this  motion,  the  angular  change  of  velocity 
during  any  given  time  is  revealed. 

(v)  Friction  Braises.  The  power  delivered  by  an  engine  may  be  deter- 
mined by  the  application  of  a  Prony  brake  to  the  rim  of  the  flywheel. 
The  friction  device  may  consist  of  a  siniple  band  or  rope,  a  number 
of  ropes,  or  a  series  of  blocks,  encircling  the  wheel.  Weighing  scales 
either  of  the  platform  or  spring  type  are  provided  for  showing  the 
strain.  For  long  runs  the  wheel  is  made  with  interior  flanges  for 
holding  water  to  keep  the  rim  cool. 

The  most  satisfactory  brake  for  absorbing  and  measuring  power 
is  some  form  of  water  friction  brake.  The  advantage  of  a  water 
brake  is  that  it  can  be  employed  equally  well  for  large  or  small 
amounts  of  power,  and  it  is  necessarily  kept  cool  by  the  water  upon 
which  it  depends  for  its  operation. 

Several  brakes  are  described  in  Appendix  No.  19. 

{w)  Dynnmovieters.  Dynamometers  furnish  means  for  determining 
the  amount  of  power  delivered  by  an  engine  under  working  condi- 
tions. In  the  case  of  a  mill  engine  it  is  the  power  transmitted  from 
the  main  shaft  of  the  engine  to  the  driving  shaft  of  the  mill.  If  this 
power  is  carried  through  a  belt,  the  djmamometer  measures  the  net 
amount  of  force  transmitted.     In  a   marine  engine  driving  a  screw 
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prupeller  thruugh  a  long  shaft,  the  dynamometer  shows  the  torsioual 
strain  on  the  shaft  at  a  point  as  near  as  practicable  to  the  euginc. 
In  a  locomotive  the  dynamometer  measures  the  amoimt  of  pull  on  the 
draw-bar  through  which  the  iK)wer  is  transmitted  to  the  first  car  of 
the  train. 

See  Appendix  No.  20  for  details  regarding  dynamometers. 

(r)  Electrical  luatrumoits.  The  output  of  an  engine  driving  an  electric 
generator  should  be  determined  by  the  use  of  a  set  of  electrical  in- 
.struments  supplementary  to  the  switchboard  equipment,  and  con- 
nected to  the  generator,  so  as  to  be  thrown  in  and  out  of  circuit  by 
means  of  switches.  These  instruments  should  include  the  shunts, 
transformers,  or  multipliers,  which  belong  to  them,  and  should  be 
such  as  have  been  verified  by  comparison  with  known  standards 
based  on  those  of  the  U.  S.  Bureau  of  Standards  at  Washington. 
The  instrvmients  selected  should  be  as  nearly  "'dead-beat"  as  prac- 
ticable, that  is.  the  pointer  should  come  to  rest  at  once,  after  changes 
of  load. 

The  instruments  required  for  a  direct-current  generator, 
where  the  load  is  substantially  constant,  embrace  a  single  ammeter 
and  a  single  voltmeter.  Where  the  load  is  rapidly  fluctuating,  a 
watt-hour  meter  is  also  needed. 

Those  required  for  a  single-phase  alternating-current  generator 
carrying  a  substantially  constant  load,  embrace  one  ammeter,  one 
voltmeter,  and  one  single-phase  wattmeter.  For  a  rapidly  fluctuat- 
ing load  a  watt-hour  meter  should  also  be  used.  For  a  two-,  or 
three-phase,  alternating-current  generator,  with  substantially  con- 
stant load,  one  ammeter  and  one  voltmeter,  each  arranged  for  ready 
connection  at  will  to  any  phase,  and  two  single-phase  wattmeters, 
are  required.  Where  the  load  is  rapidly  fluctuating  a  polyphase 
watt-hour  meter  is  also  needed. 

In  the  case  of  an  alternating-current  generator  an  additional  volt- 
meter and  ammeter  should  be  used  for  measuring  the  current  for 
e.>ccitation,  unless  the  main  instruments  are  connected  so  as  to  regis- 
ter the  net  output. 

The  instruments  should  be  so  located  with  reference  to  the  gen- 
erator, switchboard,  and  neighboring  conductors,  as  to  avoid  the 
disturbing  effects  due  to  stray  fields.  If  the  switchboard  equipment 
is  complicated,  the  wiring  should  be  connected  under  the  super- 
vision of  one  who  is  familiar  with  all  the  details  of  the  switchboard, 
its  connections,  and  the  surrounding  cables. 

Watt-hour  meters  should  be  verified  in  place  and  under  working 
conditions.  Directions  for  calibrating  these  meters  and  further  de- 
tails regarding  the  application  and  use  of  electrical  instruments,  de- 
termination  of   power   factor,   etc.,   are  given   in    Appendi.x    No.    21. 

(y)  Water  Rheostats.  For  tests  of  engines  driving  electric  generators 
under  certain  fixed  loads  it  is  often  necessary  to  regulate  the  out- 
l)nt  of  current  by  the  use  of  a  water  rheostat.     One  of  the  simplest 
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and  most  effective  forms  of  this  apparatus  for  direct-current  worlv 
consists  of  a  coil  of  wire  wound  spirally  on  a  wooden  reel  im- 
mersed in  a  stream  of  runuinc:  water,  or  in  a  tank  of  some 
natural  body  of  water  where  circulation  can  be  provided  for,  ar- 
ranged with  a  system  of  switches  so  that  more  or  less  of  this  re- 
sistance can  be  turned  on  as  may  be  required.  A  No.  12  B.  G.  iron 
wire  2000  ft.  long,  thus  used,  will  handle  a  curi'ent  of  1600  amperes 
at  250  volts. 
Utlier  rheostats  are  described  in  Appendix  No.  22. 

(z)  kSteam  Tables.  Quantities  depending  upon  the  proijerties  of 
saturated  steam  which  are  used  throughout  the  Codes,  such  as  B.t.u. 
per  pound  of  steam,  temperatures  corresponding  to  various  pres- 
sures, etc..  are  based  on  Marks  and  Davis's  tables ;  and  those  involv- 
ing the  specific  heat  of  superheated  steam,  on  Knoblauch  and  Jakob's 
experiments. 

3     MISCELLANEOUS  INSTRUCTIONS 

The  person  In  charge  of  a  test  should  have  the  aid  of  a  sufficient 
number  of  assistants,  so  that  he  may  be  free  to  give  special  attention 
to  any  part  of  the  work  whenever  and  wherever  it  may  be  required. 
He  should  make  sure  that  the  instruments  and  testing  apparatus 
continually  give  reliable  indications,  and  that  the  readings  are  cor- 
rectly recorded.  He  should  also  keep  in  view,  at  all  points,  the 
operation  of  the  plant  or  part  of  the  plant  under  test  and  see  that 
the  operating  conditions  determined  on  are  maintained  and  that 
nothing  occurs,  either  by  accident  or  design,  to  vitiate  the  data. 
This  last  precaution  is  especially  needed  in  guarantee  tests. 

Before  a  test  is  undertaken,  it  is  important  that  the  boiler,  engine, 
or  other  apparatus  concerned,  shall  have  been  in  operation  a  suffi- 
cient length  of  time  to  attain  working  temperatures  and  proper 
operating  conditions  throughout,  so  that  the  results  of  the  test  may 
express  the  true  working  performance. 

It  would,  for  example,  be  manifestly  improper  to  start  a  test  for  deter- 
mining the  maximum  efficiency  of  an  externally  fired  boiler  with 
brick  setting,  until  the  boiler  had  been  at  work  a  suflicient  number 
of  days  to  dry  out  thoroughly  and  heat  the  brick  work  to  its  work- 
ing temperature ;  and  likewise  improper  to  begin  an  engine  test  for 
determining  the  performance  under  certain  prearranged  conditions 
until  those  conditions  had  become  established  by  a  suitable  pre- 
liminary run. 

An  exception  should  be  noted  where  the  object  of  the  test  is  to 
obtain  the  working  performance,  including  the  effect  of  preliminary 


GENERAL    INSTRUCTIONS  1703 

heating,  in  which  case  all  the  conditions  should  conform  to  those  of 
regular  service. 

In  preparation  for  a  test  to  demonstrate  maximum  efficiency,  it  is 
desirable  to  run  preliminary  tests  for  the  purpose  of  determining 
the  most  advantageous  conditions. 

4    OPERATING  CONDITIONS 

In  all  tests  in  which  the  object  is  to  determine  the  performance 
under  conditions  of  maximum  efficiency,  or  where  it  is  desired  to 
ascertain  the  effect  of  predetermined  conditions  of  operation,  all  such 
conditions  which  have  an  appreciable  effect  upon  the  efficiency 
should  be  maintained  as  nearly  uniform  during  the  trial  as  the 
limitations  of  practical  work  will  permit.  In  a  stationary  steam 
plant,  for  example,  where  maximum  efficiency  is  the  object  in  view, 
there  should  be  uniformity  in  such  matters  as  steam  pressure,  times 
of  firing,  quantity  of  coal  supplied  at  each  firing,  thickness  of  fire, 
and  in  other  firing  operations ;  also  in  the  rate  of  supplying  the  feed- 
water,  in  the  load  on  the  engine  or  turbine,  and  in  the  operating 
conditions  throughout.  On  the  other  hand,  if  the  object  of  the  tevSt 
is  to  determine  the  performance  under  working  conditions,  no  attempt 
at  uniformity  is  either  desired  or  required  unless  this  uniformity 
corresponds  to  the  regular  practice,  and  when  this  is  the  object  the 
usual  working  conditions  should  prevail  throughout  the  trial. 

5    RECORDS 

A  log  of  the  data  should  be  entered  in  notebooks  or  on  blank  sheets 
suitably  prepared  in  advance.  This  should  be  done  in  such  manner 
that  the  test  may  be  divided  into  hourly  periods,  or  if  necessary, 
periods  of  less  duration,  and  the  leading  data  obtained  for  any  one 
or  more  periods  as  desired,  thereby  showing  the  degree  of  un- 
iformity obtained. 

The  readings  of  the  various  instruments  and  apparatus  concerned 
in  the  test  other  than  those  showing  quantities  of  consumption  (such 
as  fuel,  water,  and  gas),  should  be  taken  at  intervals  not  exceeding 
half  an  hour  and  entered  in  the  log.  Whenever  the  indications 
fluctuate,  the  intervals  should  be  reduced  according  to  the  extent 
of  the  fluctuation.  In  the  case  of  smoke  observations,  for  example, 
it  is  often  necessary  to  take  observations  every  minute,  or  still 
oftener,  continuing  these  throughout  the  period  covering  the  range 
of  variations. 
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Make  a  memorandum  of  every  event  connected  with  the  progress 
of  a  test,  however  unnecessary  at  the  time  it  may  appear.  A  record 
should  be  made  of  the  exact  time  of  every  such  occurrence  and  the 
time  of  taking  every  weight  and  every  observation.  For  the  pur- 
pose of  identification  the  signature  of  the  observer  and  the  date 
should  be  afl&xed  to  each  log  sheet  or  record. 

In  the  simple  matter  of  weighing  coal  by  the  barrow-load,  or 
weighing  water  by  the  tank-full,  which  is  required  in  many  tests,  a 
series  of  marks,  or  tallies,  should  never  be  trusted.  The  time  each 
load  is  weighed  or  emptied  should  be  recorded.  The  weighing  of 
coal  should  not  be  delegated  to  unreliable  assistants,  and  whenever 
practicable,  one  or  more  men  should  be  assigned  solely  to  this  work. 
The  same  may  be  said  with  regard  to  the  weighing  of  feedwater. 

6  DATA  REPRESENTED  GRAPHICALLY 

If  it  is  desired  to  show  the  uniformity  of  the  data  at  a  glance  the 
whole  log  of  the  trial  should  be  plotted  on  a  chart,  using  horizontal 
distances  to  represent  times  of  observation,  and  vertical  distances 
on  suitable  scales  to  represent  various  data  as  recorded.  Such  a 
chart  showing  log  of  a  boiler  test  is  illustrated  in  Appendix  No.  23. 

It  is  instructive  to  plot  the  leading  data  on  such  a  chart  while  the 
test  is  in  progress. 

■  7    REPORT 

The  report  of  a  test  should  present  all  the  leading  facts  bearing  on 
the  design,  dimensions,  condition,  and  operation  of  the  apparatus 
tested,  and  should  include  a  description  of  any  other  apparatus  and 
auxiliaries  concerned,  together  with  such  sketches  as  may  be  needed 
for  a  clear  understanding  of  all  points  under  consideration.  It  should 
state  clearly  the  object  and  character  of  the  test,  the  methods  fol- 
lowed, the  conditions  maintained,  and  the  conclusions  reached, 
closing  with  a  tabular  summary  of  the  principal  data  and  results. 


PART  II 

STANDARDS  RELATING  TO  CAPACITY,  EFFICIENCY, 

AND  ECONOMY,  AND  RULES  FOR  RESERVE 

CAPACITY 
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STANDARDS 

The  standard  units  on  which  to  base  the  various  measures  of 
capacity,  and  the  standard  forms  of  expressing  efficiency  and  economy 
to  which  the  codes  apply,  are  assembled  in  Tables  4  and  5. 


a  Boilers* 


b  Reciprocating  Steam 
Engines 


c  Steam   Turbines. 


TABLE  4      STANDARD   UNITS   OF   CAPACITY 

r  One  pound   of  water  evaporated   into  dry 

I     steam  from  and  at  212  deg.  per  hour. 

One  indicated  lior.sepower  developed  in  the 

main  cylinders l.h.p. 

One    brake    horsepower    delivered    by    the 

main  shaft br.h.p. 

One    brake    horsei)o\\rr    delivered    by    the 
main  shaft br.h.]). 


(I  Turbo-generators, 
(including  engine- 
driven  .generators) 


e  Pumping  Machinery. -I 


/  Air  iNIachinery. 


y  Locomotives 


One  kilowatt-hour  delivered  at  tlu'  bus- 
bar,! ix't  including  exciter  (mtputi k\v-lir. 

One  gallon  of  water  discharged  to  the  force 
main  in.  24  hr 

One  gallon  of  water  discharged  per  min.§.gal.pr.min. 

One  water  horsepower  delivered  to  the 
force  main,  based  on  the  total  head  in- 
cluding suction w.h.]). 

One  cu.  ft.  of  air  at  02  deg.  and  30  in.j].  . . .      cu.fi. 

One  air  horsepower air  h.p. 

One  indicated  horsepowei  developed  in  the 

main  cylinders l.h.p. 

One  dynamometer  horsepower  delivered  to 

the  draw-bar dyn.  h.p. 


*  A  sub8idiar.y  unit  which  may  be  used  for  stationary  boilers  is  a  "Boiler  Horsepower,"  or  34H 
lb.  of  water  evaporated  from  and  at  212  deg.  per  hour,  i.  e.,  from  water  at  212  deg.  into  steam 
at  the  same  temperature.  Electrical  Engineers  have  suggested  a  unit  termed  "  Myrowatt," 
which   differs   but  little   from  boiler  hor-sepower   when  expressed  in   B.t.u.   per   hour. 

t  It  is  assumed  that  the  drop  in  voltage  between  generator  terminals  and  switchboard  is  not 
over  one-half  of  one  per  cent. 

t  If  the  exciter  Current  is  taken  from  an  outside  source  the  kw.  thus  supplied  are  to  be  deducted 
from  the  total  output. 

§  This  unit  applies  to  small  purnps  and  some  classes  of  large  sized  pumps. 

K  30-in.  barometer  is  referred  to  a  temperature  of  62  deg.;  or  29.92-in.  referred  to  32  deg. 
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//  (Jas  Producers Oue  pound  oi'  dry  fuel  consumed  per  hour. 

One    biMki!    horsepower    delivered    by    the 

main  shaft br.li.p. 


f 
/  (Jas  and  Oil  Engines,  i 

■  rxr  J.       ,      ,  f  <^>iie    brake    1 

J  W  aterwheels    <  .       ,     ,, 

[      main  shaft 


One    brake    horsepower    delivered    by    the 


br.h.p. 


TABLE  r,   STANDARDS  OF  EFFICIENCY  AND  ECONOMY 


u   Boilers    ■ 


I 


Kelation  between  B.t.u.  absorbed  by  boiler  per  lb. 

of  coal   fired  and  calorific   value  of   1   lb.   coal. 

(Efiiciency  of  boiler  furnace  and  grate.) 
Kelation  between  B.t.u.  al.sorled  l>y  boiler,  per  lb. 

of  combustible  burnetl  and  calorific  value  of  1  lb. 

combustible.     (Efficiency,  of  boiler  and  furnace.) 

(1)  B.t.u.  per  i.h.p.-hr. 

(2)  B.t.u.  per  bx'ake  h.p.-hr. 

(3)  Thermal  efficiency  ratio  referred  to  i.h.p. 

(4)  Thermal  efficiency  ratio  referred  to  br.  h.p. 

(5)  Lb.  of  dry  steam  per  i.h.p.-hr. 

(6)  Lb.  of  dry  steam  per  br.  h.p.-hr. 

(1)  B.t.u.  per  br.  h.p.-hr. 

(2)  Thermal  efficiency  ratio. 
{'.'>)   Lb.  of  dry  steam  per  br.  h.p.-hr. 

(1)  B.t.u.  per  kw-hr. 

(2)  Thermal  efficiency  ratio. 

(0)  Lb.  of  dry  steam  per  kw-hr. 

(1)  Ft-lb.  of  work  per  million  B.t.u. 

e  Pumping  Engines....;  (2)   Ft-lb.  of  work  per  1000  lb.  dry  steam. 

(3)  Ft-lb.  of  work  per  100  lb.  dry  fuel. 

(1)  B.t.u.  per  net  air  h.p.  per  hr. 

(2)  Lb.  of  dry  steam  per  net  air  h.p.  per  hr. 

(3)  Lb.  of  dry  steam  per  1000  cu.  ft.  of  free  air 
compressed  to  100  lb.  gage  pressure  rediiced  to 
atmospheric  temperature. 

j"  (1)   Lb.  of  dry  fuel  per  i.h.p.-hr. 
I  (2)   Lb  of  dry  fuel  per  dyn.  h.p.-hr. 

g  Locomotives j  (3)   Lb.  of  dry  steam  per  i.h.p.-hr. 

I  (4)   Lb.  of  dry  steam  per  dyn.  h.p.-hr. 
(  (5)   Lb.  of  dry  fuel  per  ton-mile. 
Relation  between  B.t.u.  of  the  gas  output  per  lb.  of 
fuel  charged  and  calorific  value  of  1  lb.  of  fuel. 

(1)  B.t.u.  per  brake  h.p.-hr. 

(2)  Thermal  efficiency  ratio. 

(3)  Lb.  of  dry  fuel  per  br.  h.p.-hr. 

(4)  Cu.  ft.  of  gas  per  br.  h.p.-hr. 

Relation  between  brake  h.p.  and  potential  h.p.  of 
total  water  used. 


b  Reciprocating  Steam 
Engines 


c  Steam  Turbines . , 

(I  Tiu'bo-generators, 

(including  engine-.! 
driven  generators)  , 

r 


I 


/  Air  Machinery. 


//   Gas  Producers. 


i  Gas  and  Oil  Engines. 


;■  Waterwheels 
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k  Steam  Power  Plants.  • 


7  Electric  Power 
Plants   


Ill  Pumping 
Plants 


n  Gas  Power  Plants. 


Engine 


f  (1)  Lb.  of  dry  fuel  per  i.li.p.-lir.,  main  engine. 

(2)  Lb.  of  dry  fuel  per  i.li.p.-hr.,  auxiliaries. 

(3)  Lb.  of  dry  fuel  per  i.h.p.-hr.,  whole  plant. 

(4)  Lb.  of  dry  steam  per  i.h.p.-hr.,  main  engine. 

(5)  Lb.  of  dry  steam  per  i.h.p.-hr.,  auxiliaries. 

(6)  Lb.  of  dry  steam  per  i.h.p.-hr.,  whole  plant 

(1)  Lb.   of  dry   fuel   per  kw-hr.,   main  engine   or 
turbine 

(2)  Lb.  of  dry  fuel  per  kw-hr.,  auxiliaries. 

(0)  Lb.  of  dry  fuel  per  kw-hr.,  whole  plant. 

(4)  Lb.  of  dry  steam  per  kw-hr.,  main  engine  or 
turbine. 

(5)  Lb.  of  dry  steam  per  kw-hr..  auxiliaries. 
(G)   Lb.  of  dry  steam  per  kw-hr.,  whole  phmt. 

(1)  Ft-lb.  of  work  per  million  B.t.u. 

(2)  Ft-lb.  of  work  per  100  lb.  dry  fuel. 

(3)  Ft-lb.  of  work  per  1000  lb.  dry  steam. 

(1)  Lb.  of  dry  fuel  per  brake  h.p.-lir. 

(2)  Cu.  ft.  of  gas  jier  hi-,  li.p.-lii'. 


The  i.h.p.  and  brake  h.p.    in  this  table  refer  to  that  of  the  main  engine,  turbine,  or  waterwheel, 
and  the  lew.  to  the  current  measured  at  the  bus-bar,  not  inclufling  exciter  oirrent. 


Contracts  for  power  plant  apparatus  should  specify  the  leading 
dimensions  of  the  apparatus  and  its  rated  capacity,  expressed  in  the 
units  given  in  Table  4.  If  a  specific  guarantee  of  capacity  is  made, 
either  working  capacity  or  maximum  capacity,  the  operating  condi- 
tions under  which  the  guarantee  is  to  be  met  should  be  clearly  set 
forth;  such,  for  example,  as  steam  pressure,  speed,  vacuum,  quality 
of  fuel,  force  of  draft,  etc.  Likewise  if  a  contract  contains  a  guar- 
antee of  economy  all  the  conditions  should  be  fully  specified. 

The  commercial  rating  of  capacity  determined  on  for  power  plant 
apparatus,  whether  for  the  purpose  of  contracts  for  sale,  or  other- 
wise, should  be  such  that  a  sufficient  reserve  capacity  beyond  the 
rating  is  available  to  meet  the  contingencies  of  practical  operation; 
such  contingencies,  for  example,  as  the  loss  of  steam  pressure  and 
capacity  due  to  cleaning  fires,  inferior  coal,  oversight  of  the  attend- 
ants, sudden  demand  for  an  unusual  output  of  steam  or  power,  etc. 
To  secure  this  end,  the  following  requirements  should  be  met: 

(a)  Boilers.  The  reserve  capacity  of  a  boiler  should  be  at  least  one- 
third  of  the  commercial  rating,  when  using  coal  which  is  regarded 
as  a  standard  where  the  boiler  is  located,  the  Are  being  crowded, 
and  the  draft  between  the  damper  and  the  l»oiler  being  at  least  %-iu. 
water  column. 
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A  sufficient  aiuouut  of  grate  surface  should  be  provided  iu  sucLi  a 
l)oiler  to  develop  the  rated  capacity  with  the  coal  and  draft  named 
without  crowding  the  fire. 

(ft)  Reciprocating  Steam  Engines  and  Steam  Turbines.  The  reserve 
capacity  of  a  steam  engine  or  steam  turbine  at  a  stipulated  steam 
pressure  should  be  such  as  to  allow  a  drop  of  at  least  15  per  cent  in 
the  pressure  without  material  reduction  in  the  normal  speed.  It 
should  also  allow  an  overload  at  the  specified  pressure  amounting  to 
at  least  25  per  cent  of  the  rated  power. 

(c)  Pumping  Engines.  The  reserve  capacity  of  a  pumping  engine 
should  be  such  as  to  permit  a  drop  in  the  steam  pressure  of  at  least 
15  per  cent  without  sensible  reduction  iu  the  quantity  of  water  dis- 
charged at  its  rated  capacity,  and  to  allow  an  increase  in  power  suf- 
ficient to  discharge  20  per  cent  more  water  than  the  rated  amount. 

(d)  Gas  Producers.  The  reserve  capacity  of  a  gas  producer  should  be 
such  that  when  forced  it  will  burn  in  a  given  time  20  per  cent  more 
coal  of  the  quality  agreed  upon  than  the  rated  capacity. 

(e)  Gas-  arid  Oil  Engines.  The  reserve  capacity  of  an  internal-combus- 
tion engine  should  be  such  that  when  supplied  with  gas  of  the  kind 
and  quality  which  it  is  designed  to  use,  it  should  develop  at  least 
20  per  cent  more  power  than  the  commercial  rating. 

(/)  Waterwlieels.  The  reserve  capacity  of  a  waterwheel  should  be  at 
least  10  per  cent  more  than  the  commercial  rating  at  the  specified 
head,  the  buckets  in  the  wheel  being  clean  and  the  flow  of  water 
unobstructed. 


PART  III 

RULES  FOR  SAMPLING  AND  DRYING  COAL    AND  ASH 
AND  SAMPLING  STEAM 


RULES  FOR  SAMPLING  AND  DRYING  COAL  AND  ASH 
AND  SAMPLING  STEAM 

(A)  Sampling  mid  Drying  Coal 

Select  a  representative  shovelful  from  each  bariow-load  as  it  is 
drawn  from  the  coal  pile  or  other  source  of  supply,  and  store  the 
samples  io  a  cool  place  in  a  covered  metal  receptacle.  When  all  the 
coal  has  thus  been  sampled,  break  up  the  lumps,  thoroughly  mix 
the  whole  quantity,  and  finally  reduce  it  by  the  process  of  repeated 
quartering  and  crushing  to  a  sample  weighing  about  5  lb.,  the  largest 
pieces  being  about  the  size  of  a  pea.  From  this  sample  two  1-qt. 
air-tight  glass  fruit  jars,  or  other  air-tight  vessels,  are  to  be  promptly 
filled  and  preserved  for  subsequent  determinations  of  moisture, 
calorific  value,  and  chemical  composition.  These  operations  ehould 
be  conducted  where  the  air  is  cool  and  free  from  drafts 

When  the  sample  lot  of  coal  has  been  reduced  by  quartering  to 
say  100  lb.,  a  portion  weighing  say  15  to  20  lb.  should  be  withdrawn 
for  the  purpose  of  immediate  moisture  determination.  This  is 
placed  in  a  shallow  iron  pan  and  dried  on  the  hot  iron  boiler  flue  for 
at  least  12  hours,  being  weighed  before  and  after  drying  on  scales 
reading  to  quarter  ounces. 

The  moisture  thus  determined  is  approximately  reliable  for  an- 
thracite and  semi-bituminous  coals,  but  not  for  coals  containing 
much  inherent  moisture.  For  such  coals,  and  for  all  absolutely 
reliable  determinations  the  method  to  be  pursued  is  as  follows: 

Take  one  of  the  samples  contained  in  the  glass  jars,  and  subject 
it  to  a  thorough  air  drying,  by  spi'eading  it  in  a  thin  layer  and  ex- 
posing it  for  several  hours  to  the  atmosphere  of  a  warm  room, 
weighing  it  before  and  after,  thereby  determining  the  quantity  of 
surface  moisture  it  contains.  Then  crush  the  whole  of  it  by  run- 
ning it  through  an  ordinary  coffee  mill  or  other  suitable  crusher  ad- 
justed so  as  to  produce  somewhat  coarse  grains  (less  than  1-16  in.), 
thoroughly  mix  the  crushed  sample,  select  from  it  a  portion  of  from 
lU  to  50  grams',  weigh  it  in  a  balance  which  will  easily  show  a  vari- 
ation as  small  as  1  iiart  in  1000,  and  dry  it  for  one  hour  in  an  air  or 

'  i^fiy    ¥i  07'.   to   2  oz. 
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sand  bath  at  a  temperature  between  240  aud  280  deg.  fabr.  Weigb 
it  and  record  tbe  loss,  then  heat  aud  weigh  again  until  the  miuimuni 
weight  has  been  reached.  The  tliffereuce  between  the  original  and 
the  minimum  weight  is  the  moisture  in  the  air-dried  coal.  The  sum 
of  the  moisture  thus  found  and  that  of  the  surface  moisture  is  the 
total  moisture. 

{B)  Sampling  Ashes  and  Refuse 

The  method  above  described  may  also  be  followed  for  obtaining 
a  sample  of  the  ashes  and  refuse. 

(C)  Sampling  Steam 

Construct  a  sampling  pipe  or  nozzle  made  of  |-in.  iron  pipe  and 
insert  it  in  the  steam  main  at  a  point  where  the  entrained  moisture 
is  likely  to  be  most  thoroughly  mixed.  The  inner  end  of  the  pipe, 
which  should  extend  nearly  across  to  the  opposite  side  of  the  main, 
should  be  closed  and  the  interior  portion  perforated  with  not  less 
than  twenty  ^-in.  holes  equally  distributed  from  end  to  end  and 
preferably  drilled  in  irregular  or  spiral  rows,  with  the  first  hole  not 
less  than  half  an  inch  from  the  wall  of  the  pipe. 

The  sampling  pipe  should  not  be  placed  near  a  point  where  water  may 
pocket  or  where  such  water  may  affect  the  amount  of  moisture  con- 
tained in  the  sample.  Where  non-return  valves  are  used,  or  where 
there  are  horizontal  connections  leading  from  the  boiler  to  a  vertical 
outlet,  water  may  collect  at  the  lower  end  of  the  uptake  pipe  and 
be  blown  upward  in  a  spray  which  will  not  be  carried  away  by  the 
steam  owing  to  a  lack  of  velocity.  A  sample  taken  from  the  lower 
part  of  this  pipe  will  show  a  greater  amount  of  moisture  than  a  true 
sample.  With  goose-neck  connections  a  small  amount  of  water  may 
collect  on  the  bottom  of  the  pipe  near  the  upper  end  where  the  in- 
clination is  such  that  the  tendency  to  flow  backward  is  ordinarily 
counterbalanced  by  the  flow  of  steam  forward  over  its  surface ;  but 
when  the  velocity  momentarily  decreases  the  water  flows  back  to 
the  lower  end  of  the  goose-neck  and  increases  the  moisture  at  that 
point,  making  it  an  undesirable  location  for  sampling.  In  any  cast, 
it  should  be  borne  in  mind  that  with  low  velocities  the  tendency  is 
for  drops  of  entrained  water  to  settle  to  the  bottom  of  the  pipe,  and 
to  be  temporarily  broken  up  into  spray  whenever  an  abrupt  ben^ 
or  other  disturbance  is  met. 

If  it  is  necessary  to  attach  the  sampling  nozzle  at  a  point  near 
the  end  of  a  long  horizontal  run,  a  drip  pipe  should  be  provided  a 
short  distance  in  front  of  the  nozzle,  preferably  at  a  pocket  formed 
by  some  fitting  and  the  water  running  along  the  bottom  of  the  main 
drawn  off,  weighed,  and  added  to  the  moisture  shown  by  the  calori- 
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meter;  or,  better,  a  steam  separator  should  be  installed  at  the  point 
noted. 

(D)  GeneTal  Location  of  Sampling  Pipe  and  Thermometer-Well 

In  testhig  a  stationary  boiler  the  sampling  pipe  should  be  located  as 
near  as  practicable  to  the  boiler,  and  the  same  is  true  as  regards  the 
thermometer  well  when  the  steam  is  superheated.  In  an  engine  or 
turbine  test  these  locations  should  be  as  near  as  practicable  to  the 
throttle  valve.  In  the  test  of  a  plant  where  it  is  desired  to  get  com- 
plete information,  especially  where  the  steam  main  is  unusually  long, 
sampling  nozzles  or  thermometer  wells  should  be  provided  at  both 
points,  so  as  to  obtain  data  at  either  point  as  may  be  required. 

In  a  locomotive,  the  calorimeter  should  be  attached  either  to  the 
steam  dome  where  it  may  be  connected  to  the  throttle  opening,  or 
to  the  steam  passage  in  the  saddle  casting  on  one  side. 


SECOND    SECTION:     INDIVIDUAL    CODES 

PART  IV 
BOILER  CODE 
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RULES    FOR   CONDUCTING   EVAPORATIVE  TESTS  OF 

BOILERS 

1     OBJECT  AND  PREPARATIONS 

Determine  the  object,  take  the  dimensions,  note  the  physical  con- 
ditions, examine  for  leakages,  install  the  testing  appliances,  etc.,  as 
pointed  out  in  the  general  instructions  given  on  pages  1689  to 
1714.   and    make    preparations   for   the  test  accordingly. 

2    FUEL 

Determine  the  character  of  fuel  to  be  used.^  For  tests  of  maximum 
efficiency  or  capacity  of  the  boiler  to  compare  with  other  boilers,  the 
coal  should  be  of  some  kind  which  is  commercially  regarded  as  a 
standard  for  the  locality  where  the  test  is  made. 

In  the  Eastern  States  the  standards  thus  regarded  for  semi-bituminous 
coals  are  Pocahontas  (Va.  and  W.  Va.)  and  New  River  (W.  Va.)  ;  for 
anthracite  coals  those  of  the  No.  1  buckwheat  size,  fresh-mined,  con- 
taining not  over  13  per  cent  ash  by  analysis  ;  and  for  bituminous  coals. 
Youghiogheny  and  Pittsburg  coals.  In  some  sections  east  of  the  Alle- 
gheny Mountains  the  semi-bituminous  Clearfield  (Pa.)  and  Cumber- 
land (Md.)  are  also  considered  as  standards.  These  coals  when  of 
good  quality  possess  the  essentials  of  excellence,  adaptability  to  vari- 
ous kinds  of  furnaces,  grates,  boilers,  and  methods  of  firing  required, 
besides  being  widely  distributed  and  generally  accessible  in  the  East- 
ern market. 

There  are  no  special  grades  of  coal  mined  in  the  Western  States 
which  are  widely  and  generally  considered  as  standards  for  testing 
purposes ;  the  best  coal  obtainable  in  any  particular  locality  being 
regarded  as  the  standard  of  comparison. 

A  coal  selected  for  maximum  efficiency  and  capacity  tests,  should 
be  the  best  of  its  class,  and  especially  free  from  slagging  and  un- 
usual clinker-forming  impurities. 

For  guarantee  and  other  tests  with  a  specified  coal  containing 
not  more  than  a  certain  amount  of  ash  and  moisture,  the  coal  selected 

^  This  code  relates  primarily  to  tests  made  with  coal.  For  reference  to  oil  and 
gas  fuel  tests  see  Section  17,  Page  172.'i. 
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should  not  be  higher  in  ash  and  in  moisture  than  the  stated  amounts, 
because  any  increase  is  liable  to  reduce  the  efficiency  and  capacity 
more  than  the  equivalent  proportion  of  such  increase. 

The  size  of  the  coal,  especially  where  it  is  of  the  anthracite  class, 
should  be  determined  by  screening  a  suitable  sample.  (See  page 
1694  and  Appendix  No.  7  for  list  of  sizes.) 

3     APPARATUS  AND  INSTRUMENTS 

The  apparatus  andjinstruments  required  for  boiler  tests  are: 
(a)     Platform  scales  for  weighing  coal  and  ashes 
(6)     Graduated  scales  attached  to  the  water  glasses 

(c)  Tanks  and  platform  scales  for  weighing  water  (or  water  meters 
calibrated  in  place) 

(d)  Pressure  gages,  thermometers,  and  draft  gages 

(e)  Calorimeters  for  determining  the  calorific  value  of  fuel  and  the 
quality  of  steam 

(/)     Furnace  pyrometers 

(g)     Gas  analyzing  apparatus 

Full  directions  regarding  the  use  and  calibration  of  the  above- 
mentioned  appliances  are  given  under  the  heading  Apparatus  and 
Instruments,  pages  1691  to  1702,  and  on  pages  1713  and  1714. 

For  particulars  regarding  the  best  location  of  the  various  instru- 
ments and  apparatus,  see  Appendix  No.  24. 

4     OPEKATINC;  CONDITIONS 

Determine  what  the  operating  conditions  and  method  of  firing 
should  be  to  conform  to  the  object  in  view,  as  pointed  out  on  page 
1703,  and  see  that  they  prevail  throughout  the  trial,  as  nearly 
as  possible. 

Where  uniformity  in  the  rate  of  evaporation  is  required,  arrangement 
can  usually  be  made  to  dispose  of  the  steam  so  that  this  result  can 
be  attained.  In  a  single  boiler  it  may  be  accomplished  by  discharg- 
ing steam  through  a  waste  pipe  and  regulating  the  amount  by  means 
of  a  valve.  In  a  battery  of  boilers,  in  which  only  one  is  tested,  the 
draft  may  be  regulated  on  the  remaining  boilers  to  meet  the  varying 
demands  for  steam,  leaving  the  test  boiler  to  work  under  a  steady 
rate  of  evaporation. 

5     DURATION 

The  duration  of  tests  to  determine  the  efficiency  of  a  hand-fired 
boiler,  should  be   10  hours  of  continuous  running,  or  such  time  as 
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may  \iv  riM|uii(Hl  to  burn  a  total  of  250  lb.  of  coal  per  square  foot  of 
grate. 

In  the  case  of  a  boiler  using  a  mechanical  stoker,  the  duration, 
where  practicable,  should  be  at  least  24  hours.  If  the  stoker  is  of  a 
type  that  permits  the  quantity  and  condition  of  the  fuel  bed  at 
beginning  and  end  of  the  test  to  be  accurately  estimated,  the  dura- 
tion may  be  reduced  to  10  hours,  or  such  time  as  may  be  required 
to  burn  the  above  noted  total  of  250  lb.  per  sq.  ft. 

lu  commercial  tests  where  the  service  requires  coutiuuous  operation 
night  and  day,  with  frequent  shifts  of  firemen,  the  duration  of  the 
test,  whether  the  boilers  are  hand-fired  or  stoker-fired,  should  be 
at  least  24  hours.  Likewise  in  commercial  tests,  either  of  a  single 
boiler  or  of  a  plant  of  several  boilers,  which  operate  regularly  a  cer- 
tain number  of  hours  and  during  the  balance  of  the  day  the  fires  are 
banked,  the  duration  should  not  be  less  than  24  hours. 

The  duration  of  tests  to  determine  the  niaximnni  evaporaMve 
capacity  of  a  boiler,  without  determining  the  efficiency,  should  not  be 
less  than  three  hours. 

6    STARTING  AND  STOPPING 

The  conditions  regarding  the  temperature  of  the  furnace  and 
boiler,  the  quantity  and  quality  of  the  live  coal  and  ash  on  the 
grates,  the  water  level,  and  the  steam  pressure,  should  be  as  nearly 
as  possible  the  same  at  the  end  as  at  the  beginning  of  the  test. 

To  secure  the  desired  equality  of  conditions  with  hand-fired 
boilers,  the  following  method  should  be  employed: 

The  furnace  being  well  heated  by  a  preliminary  run,  burn  the  fire  low. 
and  thoroughly  clean  it,  leaving  enough  live  coal  spread  evenly  over 
the  grate  (say  two  to  four  in.  )\  to  serve  as  a  foundation  for  the 
new  fire.  Note  quickly  the  thickness  of  the  coal  bed  as  nearly  as  it 
can  be  estimated  or  measured ;  also  the  water  level-,  the  steam  pres- 
sure, and  the  time,  and  record  the  latter  as  the  starting  time. 
Fresh  coal  should  then  be  fired  from  that  weighed  for  the  test,  the 
ashpit  thoroughly  cleaned,  and  the  regular  work  of  the  test  pro- 
ceeded with. 

Befor"  tlif  end  of  the  test  Ihe  tii-e  should  .main  hi'  l)uriied  Imw  and 
cleaned  in  such  a  manner  as  to  leave  the  same  amount  of  liA^e  coal 
on  the  grate  as  at  the  start.  When  this  condition  is  reached,  ob- 
serve quickly  the  water  level-,  the  steam  pressure,  and  the  time, 
and  record  the  latter  as  the  stopping  time.     If  the  water  level  is  not 

•  1  to  2  in.  for  small  anthracite  coals. 

-  Do  not  blow  down  the  water-glass  column  for  at  lea.st  one  hour  before  these  readings  are 
taken.  An  erroneous  iniication  may  otherwise  be  caused  by  a  change  of  temperature  and 
density  of  the  water  within  the  column  and  connecting  pipe. 
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the  same  as  at  the  beginniug,  a  correctiou  should  be  made  by  com- 
putation, rather  than  by  feeding  additional  water  after  the  hual 
readings  ai'e  taken.  Finally  remove  the  ashes  and  refuse  from  the 
ashpit. 

In  a  plant  containing  several  boilers  where  it  is  not  practicable  to 
clean  them  simultaneously,  the  tires  should  be  cleaned  one  after  the 
other  as  rapidly  as  may  be,  and  each  one  after  cleaning  charged  with 
enough  coal  to  maintain  a  thin  fire  in  good  working  condition.  After 
the  last  fire  is  cleaned  and  in  working  condition,  burn  all  the  tires 
low  (say  4  to  6  in.),  note  quickly  the  thickness  of  each,  also  the  water 
levels,  steam  pressure,  and  time,  which  last  is  taken  as  the  starting 
time.  Likewise  when  the  time  arrives  for  closing  the  test,  the  fires 
should  be  quickly  cleaned  one  by  one,  and  when  this  work  is  com- 
pleted they  should  all  be  burned  low  the  same  as  at  the  start,  and 
the  various  observations  made  as  noted. 

Ill  the  case  of  a  large  boiler  having  several  furnace  doors  requiring 
the  fire  to  be  cleaned  in  sections  one  after  the  other,  the  above 
directions  pertaining  to  starting  and  stopping  in  a  plant  of  several 
boilers  may  be  followed. 

To  obtain  the  desired  equality  of  conditions  of  the  fire  when  a 
mechanical  stoker  other  than  a  chain  grate  is  used,  the  procedure 
should  be  modified  where  practicable  as  follows  : 

Regulate  the  coal  feed  so  as  to  burn  the  fire  to  the  low  condition  re- 
quired for  cleaning.  Shut  off  the  coal-feeding  mechanism  and  fill 
the  hoppers  level  full.  Clean  the  ash  or  dump  plate,  note  quickly  the 
depth  and  condition  of  the  coal  on  the  grate,  the  water  level\  the 
steam  pressure,  and  the  time,  and  record  the  latter  as  the  starting 
time.  Then  start  the  coal-feeding  mechanism,  clean  the  ashpit, 
and  proceed  with  the  regular  work  of  the  test. 

When  the  time  arrives  for  the  close  of  the  test,  shut  off  the  coal- 
feeding  mechanism,  fill  the  hoppers  and  burn  the  fire  to  the  same  low 
point  as  at  the  beginning.  When  this  condition  is  reached,  note  the 
water  level,  the  steam  pressure,  and  the  time,  and  record  the  latter  as 
the  stopping  time.  Finally  clean  the  ash  plate  and  haul  the  ashes. 
In  the  case  of  chain  grate  stokers,  the  desired  operating  conditions 
should  be  maintained  for  half  an  hour  before  starting  a  test  and  for 
a  like  period  before  its  close,  the  height  of  the  throat  plate  and  the 
speed  of  the  grate  being  the  same  during  both  of  these  periods. 

7     RECORDS 

The  records  of  data  should  be  obtained  as  pointed  out  in  Part  I, 
page  1703.  Half-hourly  readings  of  the  instruments  are  usually 
sufficient.  If  there  are  sudden  and  wide  fluctuations,  the  readings  in 
such  cases  should  be  taken  every  fifteen  minutes,  and  in  some  in- 
stances oftener. 

The  coal  should  be  weighed  and  delivered  to  the  firemen  in  portions  suf- 

'Set'  footnote,  p.  1719. 
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ficient  for  oue  hour's  ruu,  thereby  ascertaining  the  degree  of  uni- 
formity of  firing.  An  ample  supply  of  coal  should  be  maintained 
at  all  times,  but  the  quantity  on  the  floor  at  the  end  of  each  hour 
should  be  as  small  as  practicable,  so  that  the  same  may  be  readily 
estimated  aud  deducted  from  the  total  weight. 

The  records  should  be  such  as  to  ascertain  also  the  consumption 
of  feedwater  each  hour,  and  thereby  determine  the  degree  of  uni- 
formity of  evaporation. 

8    QUALITY  OF  STEAM 

If  the  boiler  does  not  produce  superheated  steam  the  percentage 
of  moisture  in  the  steam  should  be  determined  by  the  use  of  a 
throttling  or  separating  calorimeter,  in  the  manner  pointed  out  in 
Part  III,  page  1713.  If  the  boiler  has  superheating  surface,  the  tem- 
perature of  the  steam  should  be  determined^by  the  use  of  a  ther- 
mometer inserted  in  a  thermometer  well,  as  pointed  out  on  page 
1696,  Part  I. 

9     SAMPLING  AND  DRYING  COAL 

During  the  progress  of  the  test  the  coal  should  be  regularly  sam- 
pled for  the  purpose  of  analysis  and  determination  of  moisture,  in 
the  manner  pointed  out  in  Part  III,  page  1712. 

10     ASHES  AND  REFUSE 

The  ashes  and  refuse  withdrawn  from  the  furnace  and  ashpit 
during  the  progress  of  the  test  and  at  its  close  should  be  weighed 
so  far  as  possible  in  a  dry  state.  If  wet  the  amount  of  moisture 
should  be  ascertained  and  allowed  for,  a  sample  being  taken  and 
dried  for  this  purpose.  This  sample  may  serve  also  for  analysis  and 
the  determination  of  unburned  carbon  and  fusing  temperature. 

11     CALORIFIC  TESTS  AND  ANALYSES  OF  COAL 

The  quality  of  the  fuel  should  be  determined  by  calorific  tests  and 
analysis  of  the  coal  sample  above  referred  to.  Directions  for  making 
these  tests  and  analyses  will  be  found  in  Part  I  under  the  headings 
Coal  Calorimeters  and  Coal  Analysis  Apparatus,  pages  1697  and 
1698  and  in  Appendices  Nos.  12  and  14. 

12     ANALYSES  OF  FLUE  GASES 
For  approximate  determinations  of  the  composition  of  the  flue 
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gases,  the  Orsat  apparatus,  or  some  modification  thereof,  should  be 
employed.  If  momentary  samples  are  obtained  the  analyses  should 
be  made  as  frequently  as  possible,  say  every  15  to  30  minutes,  de- 
pending on  the  skill  of  the  operator,  noting  at  the  time  the  sample 
is  drawn  the  furnace  and  firing  conditions.  If  the  sample  drawn  is  a 
continuous  one,  the  intervals  may  be  made  longer. 

Fuller  directions  will  be  found  in  Part  I,  under  the  heading  Gas 
Analysis  Apparatus,  page  1698,  and  in  Appendix  No.  15. 

13     SMOKE  OBSERVATIONS 

In  tests  of  bituminous  coals  requiring  a  determination  of  the 
amount  of  smoke  produced,  observations  should  be  made  regularly 
throughout  the  trial  at  intervals  of  five  minutes  (or  if  necessary 
every  minute),  noting  at  the  same  time  the  furnace  and  firing  con- 
ditions. 

Full  particulars  regarding  these  observations  are  given  in  Part  I, 
under  the  heading  Appliances  and  Methods  Pertaining  to  Smoke 
Determination,  page  1698,  and  in  Appendices  Nos.  16  and  17. 

14     CALCULATION  OF  RESULTS 

The  methods  to  be  followed  in  expressing  and  calculating  those 
results  which  are  not  self-evident  are  explained  as  follows: 

(a)  Efflviency.  The  "  ertieieney  of  boili>r,  furnace  and  grate  "'  is  the  rehi- 
tiou  between  the  heat  absorbed  per  pound  of  coal  lire<l.  and  tlie  calo- 
rific value  of  one  pound  of  coal. 

The  "  efficiency  of  boiler  and  furnace"  is  the  relation  between  tlie 
heat  absorbed  per  pound  of  coud)ustible  burned,  and  the  calorific 
value  of  one  pound  of  condnistible.  Tliis  expression  of  efficiency  fur- 
nishes a  means  for  comparing  one  boiler  and  furnace  with  another, 
when  the  losses  of  unlturned  coal  due  to  gi'ates,  cleanings,  etc.,  are 
eliminated. 

The  "  combustible  burned  "  is  determined  by  subtracting  from  the 
weight  of  coal  supplied  to  the  boiler,  the  moisture  in  the  coal,  the 
weight  of  ash  and  unburned  coal  withdrawn  from  the  furnace  and 
ashpit,  and  the  weight  of  dust,  soot,  and  refuse,  if  any,  withdrawn 
from  the  tubes,  flues,  and  condjustion  chambers,  including  ash  car- 
ried away  in  the  gases,  if  any,  determined  from  the  analyses  of  coal 
and  ash.  The  "  combustible "  used  for  determining  the  calorific 
value  is  the  weight  of  coal  less  the  moisture  and  ash  found  by  an- 
alysis. 

'I'lie  "heat  absorbed"  jicr  pound  of  coal,  or  combustible,  is  calcu- 
lated by  multiplying  the  equivalent  evaporation  from  and  at  212  deg. 
per  lb.  of  coal  or  combustible  by  970.4. 
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(h)  Conoctiotis  for  Moisture  in  Steam.  When  the  percentage  is  less 
Ih;iii  L*  iier  cent  it  is  sufficient  merely  to  deduct  tlie  percentaj^e  from 
tlie  weight  of  water  fed.  If  the  percentage  is  greater  than  2  per  cent 
or  if  extreme  accuracy  is  required,  the  factor  of  correction  equals 

(T  — /() 
(H  —  h) 
in  wliicli  (J  is  tlie  quality  of  the  steam  (one  minus  the  decimal  epre- 
senting  the  percentage  of  moisture),  P  the  proportion  of  moisture, 
7'  the  total  heat  of  water  at  the  temperature  of  the  steam,  h  tlie 
total  heat  of  the  feedwater.  and  H  the  total  heat  of  saturated  steam 
of  the  given  temperature. 

((■)  Correction  for  live  steam,  if  aim,  u>icd  for  aiding  Combustion.  If 
live  steam  is  admitted  into  the  furnace  or  ash-pit  for  producing  blast, 
injecting  fuel,  or  aiding  combustion,  it  is  to  be  deducted  from  the 
total  evaporation,  and  the  net  evaporation  used  in  the  various  cal- 
culations. 

('0  Equivalent  Evaporation.  The  equivalent  evaporation  from  and  at 
212  deg.  is  obtained  by  multiplying  the  weight  of  water  evaporated, 
corrected  for  moisture  in  steam,  by  the  "  factor  of  evaporation."  The 
latter  equals 

H  —  h 


970.4 
in  whicli  H  and  h  are  respectively  the  total  heat  of  saturated  steam 
and  of  the  feedwater  entering  the  boiler.  When  the  steam  is  super- 
heated, the  total  heat  of  the  steam  is  that  of  saturated  steam  plus 
the  product  of  the  number  of  degrees  of  superheating  by  the  specific 
heat  of  tlie  steam. 

Unless  otherwise  jirovided.  a  combined  boiler  and  superheater 
should  be  treated  as  one  unit,  and  the  equivalent  of  the  worli  done 
by  the  superheater  should  be  included  in  the  evaporative  work  of 
the  boiler. 

(e)  Heat  Balance.  The  "beat  balance."  or  apprnxiiiiate  distribution  of 
the  calorific  value  of  the  coal  or  combustible  among  the  several 
items  of  lieat  utilized  and  heat  lost,  should  be  obtained  in  cases 
where  the  flue  gases  have  been  analyzed  and  a  complete  analysis 
made  of  the  coal. 

The  loss  due  to  moisture  in  the  coal  is  found  by  multiplying  the 
total  heat  of  one  pound  of  superheated  steam  at  the  temperature  of 
the  escaping  gases,  calculated  from  the  temjierature  of  the  air  in  the 
boiler  room,  by  the  proportion  of  moisture. 

The  loss  due  to  moisture  formed  by  the  burning  of  hydrogen  is 
obtained  by  multiplying  the  total  heat  of  one  pound  of  superheated 
steam  at  the  temperature  of  the  escaping  gases,  calculated  from 
the  temperature  of  the  air  in  the  boiler  room,  by  the  proportion  of 
the  hydrogen,  determined  from  the  analysis  of  the  coal,  and  multi- 
plying the  result  by  9. 

The  loss  due  to  heat  carried  away  in  the  dry  gases  is  found  by 
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iiiultiplyiug  the  weight  of  gas  per  pouud  of  coal  or  couibustible  by 
the  elevation  of  temperature  of  the  gases  above  the  temperature 
of  the  boiler  room,  and  by   the  specific  heat  of  the  gases    (0.24 j. 
The  weight  of  gas  referred  to  is  obtained  by  finding  the  weight  of 
dry  gas  per  pound  of  carbon  burned,  using  the  formula 
llC02  +  80  +  7(CO  +  N) 
3(CO„  +  CO) 
in  which  CO.^,  CO,  O,  and  N  are  expressed  in  percentages  by  volume, 
and  multiplying  this  result  by  the  proportion  borne  by  the  carbon 
burned  to  the  whole  amount  of  coal  or  combustible  as  determined 
from  the  results  of  the  analysis  of  the  coal,  ash,  and  refuse. 

The  loss  due  to  incomplete  combustion  of  carbon  is  found  by  first 
obtaining  the  proportion  borne  by  the  carbon  monoxide  in  the  gases 
to  the  sum  of  the  carbon  monoxide  and  carbon  dioxide,  and  then 
multiplying  this  proportion  by  the  proportion  of  carbon  in  the  coal  or 
combustible,  and  finally  multiplying  the  product  by  10,150,  which  is 
the  number  of  heat  units  generated  by  burning  to  carbon  dioxide  one 
pouud  of  carbon  contained  in  carbon  monoxide. 

The  loss  due  to  combustible  matter  in  the  ash  and  refuse  is  found 
by  multiplying  the  proportion  that  this  combustible  bears  to  the 
whole  amount  of  coal  or  combustible,  by  its  calorific  value  per  pound. 
For  most  purposes  it  is  sufficient  to  assume  the  latter  to  be  14,G00 
i'.t.u.,  the  same  as  that  of  c-arlH)n. 

The  loss  due  to  moisture  in  the  air  is  determined  by  multiplying 
the  weight  of  such  moisture  per  pound  of  coal  or  combustible  by  the 
elevation  of  temperature  of  the  flue  gases  above  the  temperature  of 
the  boiler  room  and  by  0.47.  The  weight  of  moisture  is  found  by 
multiplying  the  weight  pf  air  per  pound  of  coal  or  combustible 
by  the  moisture  in  one  pound  of  air  determined  from  readings  of  the 
wet  and  dry-bulb  thermometer. 

(/)  Total  Heat  of  Combustion  of  Coal,  by  Analysis.  The  total  heat  of 
combustion  may  be  computed  from  the  results  of  the  ultimate  an- 
alysis by  using  the  formula 

O 

14.600  0  +  62,000  (H—  — )  +  4000  S, 
8 

ill  which  C,  H,  O,  and  S  refer  to  the  proportions  of  carbon,  hydrogen. 

oxygen,  and  sulphur,  respectively. 

(y)     Air  for  Combustion.     The  quantity  of  air  used  may  be  calculated 

by  the  formulae: 

3.032  N 

Lb.  of  air  per  lb.  of  cai'bon  = 

CO^CO 

in  which  N,  CO2  and  CO  are  the  percentages  of  dry  gas  obtained  b.\ 

analysis,  and 

Lb.  of  air  per  lb.  of  coal  =  lb.  air  per  lb.  C  x  per  cent  C  in  the  coal. 

The  ratio  of  the  air  supply  to  that  theoretically  required  for  com- 

N 

plete  combustion  is 


N  —  3.782  O 
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ir>     DATA  AND  KESULT.S 

The  data  and  results  should  be  reported  in  accordance  with  either 
the  Short  Form  or  the  Complete  Form  printed  below,  adding  lines 
for  data  not  pro\4ded  for,  or  omitting  those  not  required,  as  may 
conform  to  the  object  in  view. 

16    CHART 

In  trials  ha^'ing  for  an  object  the  determination  and  exposition  of 
me  complete  boiler  performance,  the  entire  log  of  readings  and  data 
snould  be  plotted  on  a  chart  and  represented  graphically.  See 
Appendix  No.  23. 

« 
17     TESTS  WITH  OIL  AND  GAS  FUELS 

Tests  of  boilers  using  oil  or  gas  for  fuel  should  accord  with  the 
rules  here  given,  excepting  as  they  are  varied  to  conform  to  the  par- 
ticular characteristics  of  the  fuel.  The  duration  in  such  cases  ma\' 
be  reduced,  and  the  "flying"  method  of  starting  and  stopping  em- 
ployed. 

The  table  of  data  and  results  should  coutaiu  items  stating  character  of 
furnace  and  burner,  quality  and  composition  of  oil  or  gas,  tempera- 
ture of  oil,  pressure  of  steam  used  for  vaporizinsr  and  quantity  of 
steam  used  for  both  vaporizing  and  for  heating. 

TABLE  1   DATA  AND  RESULTS  OF  EVAPORATIVE  TEST 
SHORT  FORM.  CODE  OF  1912 

( 1 )  Test  of boiler  located  at 

to  determine ,  conducted  by 

{2}  Kind  of  furnace 

(3 )  Grate  surface sq.  f t. 

(4)  Water-heating   surface sq.  ft. 

( 5 )  Superheating   surface sq.  ft. 

(6)  Date   

(7)  Duration   hr. 

(8)  Kind  and  size  of  coal 

Average  Pressures,  Temperatures,  etc. 

(9)  Steam  pressure  by  gage lb. 

( 10 )  Temperature  of  feedwater  entering  boiler deg. 

( 11)  Temperature  of  escaping  gases  leaving  boiler deg. 

(12)  Force  of  draft  between  damper  and  boiler in. 

(13)  Percentage  of  moisture  in  steam,  or  number  deg.  of  superheat- 

ing     Iier  cent  or  deg. 
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Total  Quantities 

( 14)  Weight  of  coal  as  tired' lb. 

( 15)  Percentage  of  moisture  iu  coal per  cent. 

( Hi)     Total  weight  of  dry  coal  consumed '. lb. 

( 17)  Total  ash  and  refuse lb. 

( 18)  Percentage  of  ash  and  refuse  in  dry  coal per  cent. 

(19)  Total  weight  of  water  fed  to  the  boiler- lb. 

(20)  Total  water  evaporated,  corrected  for  moisture  in  steam lb. 

(21 )  Total  equivalent  evaporation  from  and  at  212  deg lb. 

Hourly  Quantities  anu  Rates 

(22)  Dry  coal  consumed  per  hour lb. 

(23)  Dry  coal  per  sq.  ft.  of  grate  surface  per  hour lb. 

(24)  Water  evaporated  per  hour  corrected  for  quality  of  steam lb. 

(25)*    Equivalent  evaporation  per  hour  from  and  at  212  deg lb. 

(26)  Equivalent  evaporation  per  hour  from  and  at  212  deg.  per  sq.  ft. 

of  water-heating  surface lb. 

Capacity 

(27)  Evaporation  per  hour  from  and  at  212  deg.  (same  as  Line  25)  ...  .lb. 

(28)  Boiler  horsepower  developed   (Item  27  -^  34%) bl.h.p. 

(29)  Rated  capacity,  in  evaporation  from  and  at  212  deg.  per  hour lb. 

(30)  Rated    boiler   horsepower bl.h.p. 

(31)  Percentage  of  rated  capacity  developed per  cent. 

Economy  Results 

(32)  Water  fed  per  lb.  of  coal  fired  (Item  19  h-  Item  14) lb. 

(33)  Water  evaporated  per  lb.  of  dry  coal  (Item  20  h-  Item  16) lb. 

(34)  Equivalent  evaporation  from  and  at  212  deg.  per  lb.  of  dry  coal 

(Item  21  -:-  Item  16) lb. 

(35)  Equivalent  evaporation  from  and  at  212  deg.  per  lb.  of  combus- 

tible [Item  21  -4-  (Item  16  —  Item  17)  ] lb. 

Efficiency 

(36)  Calorific  value  of  1  lb.  of  dry  coal B.t.u. 

(37)  Calorific  value  of  1  lb.  of  combustible B.t.u. 


r  Item  34  X  970.41 

(38)  Efficiency  of  boiler,  furnace  and  grate    100  x per 

|_  Item  36        J 

.^r..     ^^  .  r  Item  35  X  970.4 "1 

(39)  Efficiency  ot  hoiler  and  furnace     100  x . 

L  Item  .37       J 


cent. 


.per  cent. 
Item  .ji         I 

Cost  of  Evaporation 

(40)  Cost  of  coal  per  ton  of lb.  delivered  iu  boiler  room dollars 

(41)  Cost  of  coal  required  for  evaporating  1000  lb.  of  water  from  and 

at  212  deg dollars 

'  The  term  "as  fired"  means  actual  condition  including  moisture,  corrected  for  e.stimated  differ- 
ence in  weight  of  coal  on  the  grate  at  beginning  and  end. 

-  Corrected  for  inequality  of  water  level  and  steam  pressure  at  beginning  and  end. 
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TABLE  -2      DATA    AND    KKSII/IS   OF    i;\ArUKATI  VE   TEST 
COMl'LETE  FORM,  CODE  OF  1012 

( 1 )     Test  of boiler  located  nt 

to  determine ,  conducted  by 


(4 


Dl.MlJNSlONS.     I'ROPOKTIOXS.    ETC. 

(2)     Number  and  kind  of  boilers 

(3 1     Kind    of    furnace 

Grate  surface width length area sq.  ft. 

Approximate  width  of  air  spaces  in  grate in. 

Proportion  of  air  space  to  whole  grate  surface per  cent. 

^Yater-heating   surface ; sq.    ft. 

Superheating   surface sq.    ft. 

Ratio  of  water-heating  surface  to  grate  surface to  1 

Ratio  of  minimum  draft  area  to  grate  surface 1  to. .  .  . 

Date 

Duration hr. 

Kind  of  coal 

Size  of  coal 

AVEKAGE    PeESSLRES,    TeMPER.\TURES,    ETC. 

steam    pressure   by    gage lb. 

Barometric     pressure 11). 

Force  of  draft  at  dampers  of  individual  boilers in. 

Force  of  draft  in  main  flue  near  boilers in. 

Force  of  draft  in  main  flue  between  economizer  and  chimney ....  in. 

Force  of  draft  in  furnaces in. 

Force  of  blast  in  ashpits in. 

State  of  weather •  • 

Temperature  of  external    aii' deg. 

Temperature  of  tireroom deg. 

Temperature   of   steam •  •  deg. 

Normal  temperature  of  saturated  steam deg. 

Temperature  of  feedwater  entering  flue  heater  or  economizer,  .deg. 
Temperature   of   feedwater   leaving   heater    or    economizer    and 

entering   boilers deg. 

Temperature  of  gases  leaving  boilers deg. 

Temperature   of   gases   leaving   economizer deg. 

QuALFiY  OF  Steam. 

Percentage   of  moisture   in   steam per   cent 

Number   of   degrees  of   superheating deg. 

Quality  of  steam    (dry  steam  =  unity) 

Total  Quantities. 

Weight  of  coal  as  tired* lb. 

Percentage  of  moisture  in  coal per  cent. 

Total  weight  of  dry  coal  consumed lb. 

Total  ash  and  refuse lb. 
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(38)  Total  euiiibiistiblt'  consumed    (Liue  30 — Line  37  ) 11). 

(39)  Percentage  of  ash  and  refuse  in  di\y  coal lier  ceni 

(.10)     Total  weiglit  of  water  led  to  boiler lb. 

(41)  Total   water  evaporated  corrected  lor  moisture  in  steam lb. 

(42)  Factor  of  evaporation,  based  on  temperature  of  water  entering 

boilers    

(43)  Total  equivalent  evaporation  from  and  at  212  dep lb. 

HouKLY  Quantities  and  Rates. 

(44)  Dry   coal   cousimied  per  hour lb. 

(45)  Combustible  consumed  per  hour ib. 

(46)  Dry  coal  per  sq.  ft.  of  grate  surface  per  hour lb. 

(47)  Water  evaporated  per  hour,  corrected  for  quality  of  steam Ib. 

(48)  l^quivalent  evaporation  per  hour  from  and  at  212  deg.' lb. 

(40)  Equivalent  evaporation  per  Imur  fnmi  and  at  212  de,g.  per  s(|.  ft. 

of  water-heatin.^   surface- ■ lb. 

l'f!0.\iMATK  Analysis  of  ( 'o.\l. 

( ."iu )  Fixed  carbon per  cent 

( 51 )  Volatile   matter per  cent 

(  r»2 )  Moisture    per  cent 

( ."):', )  Ash    per  cent 

100  per  cent 

(54)  Sulphur,  separately  determined per  cent 

Ultimate  Analysis  of  Dry  Coal. 

(55)  Carbon    (  C) per  cent 

(50)     Hydrogen    (II ) per  cent 

(57)  Oxygen      (O) per  cent 

(58)  Nitrogen     (  N) .per  cent 

( 59 )  Sulphur     (  S ) per  cent 

((50)  Ash      ■  • per  cent 

100  per  cent 
((>! )      Moisture  in   sample  of  coal   as  received per  cent 

An.vi.ysts  of  .\sti  .\Nn  Refuse. 

((J2)      Carbon  ])er  ceu( 

(63)     Earthy     matter per  cent 

( a )  SiO, 

(b)  AljO.,  and  Fe,0., 

(c)  MgO 

(d)  CaO 

(CA)     Temperature   of  fushiou  of   ash • deg. 

CALOBrFic  Value. 

I  ('5 1     Calorific  value  of  1  lb.  of  dry  coal  by  calorimeter B.t.u. 

(00)     Calorific  value  of  1  lb.  of  combustible  by  calorimeter B.t.u. 

(G7)     Calorific  value  of  1  lb.  of  dry  coal  by  analysis B.t.u. 

(OS)     Calorific  value  of  1  lb.  of  comlnistlble  by  analysis B.t.u. 
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Capacity. 
(UUJ     Evaporatiou  per  bour  irom  and  at  212  deg.  (same  as  Line  48) ...  .lb. 

(70)  Boiler  liorsepower  developed    (Line  69  -f-  34i^) bl.h.p. 

(71)  Rated  capacity  per  bour,  from  and  at  212  deg lb. 

(72)  Hated    boiler    borsepovver bl.b.p. 

(73)  Pereeutage    of    rated    capacity    developed per    cent 

Economy  Results. 

( 74)  Water  fed  per  lb.  of  coal   ( Item  40  ^  Item  34) lb. 

(75)  Water  evaporated  per  lb.  of  dry  coal  (Item  41  ^  Item  3(J) lb. 

(76)  Equivalent  evaporation  from   and  at  212  deg.  per  lb.   of  coal 

fired   (Item  43  -f-  Item  34) lb. 

(77)  Equivalent  evaporation  from  and  at  212  deg.  per  lb.  of  dry  coal 

(Item   43  -^  Item   36) lb. 

(78)  Equivalent  evaporation  from  and  at  212  deg.  per  lb.   of  com- 

bustible (Item  43  -^  Item  38 lb. 

Efficiency'. 

[Item  77x970.4'! 
100  X I  per  cent 
Item  65         I 

[Item  78  x  970.4  1 
100  x I  . .  per  cent 
Item  66         I 

Cost  of  Evaporation. 

(81)  Cost  of  coal  per  ton  of lb.  delivered  in  boiler  room dollars 

(82)  Cost  of  coal  required  for  evaporating  1000  lb.  of  water  under 

observed  conditions dollars 

(83)  Cost  of  coal  required  for  evaporating  1000  lb.  of  water  from 

and  at  212  deg dollars 

Smoke  Data. 

(84)  Percentage  of  smoke  as  observed per  cent 

(85)  Weigbt  of  soot  per  hour  obtained  from  smoke  meter 

Methods  of  Firing. 

(86)  Kind  of  firing,  whether  spreading,  alternate,  or  cooking 

(87)  Average  thickness  of  fire 

(88)  Average  intervals  between  firings  for  each  furnace  during  time 

when  fires  are  in  normal  condition 

(89)  Average  interval  between  times  of  leveling  or  breaking  up 

Analysis  of  Dry  Gases  by  Volume. 

(90)  Carbon  dioxide   (C0„) per  cent 

(91)  Oxygen  (O) per  cent 

(92)  Carbon   monoxide    (CO) per  cent 

(93)  Hydrogen  and   hydrocarbons per  cent 

(94)  Nitrogen,  by  difference  ( N) per  cent 

100  per  cent 
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Heat  Balance,  Based  on  Dry  Coal  and  Combustible 


Dry  Coal 
as  Fired 

Combustible 
Burned 

B.t.u. 

Per  Cent 

B.t.u. 

Per  Cent 

(95)  Heat  absorbed  by  the  boiler  (Line  76  or  77x970.4) 

(96)  Loss  due  to  evaporation  of   moisture  in  coal 

(97)  Loss  due  to  heat  carried  away  by  steam  formed 

by  the  burning  of  hydrogen 

(98)  Loss  due  to  heat  carried  away  in  the  dry  fine  gases. 

(99)  Loss  due  to  carbon  monoxide 

(100)  Loss  due  to  combustible  in  ash  and  refuse 

(101)  Loss  due  to  heating  moisture  in  air 

(102)  Loss  due  to   unconsumed  hydrogen   and   hydro- 

carbons, to  radiation,  and  imaccounted  for 

(103)   Total  calorific  value  of  1  lb.  of  dry  coal  or  com- 
bustible (Lines  65  and  66) 

100 

100 

1  The  term  "as  fired"  means  actual  condition  including  moisture,  corrected  for  estimated  differ- 
ence in  weight  of  coal  on  the  grate  at  beginning  and  end. 

'  Corrected  for  inequality  of  water  level  and  of  steam  pressure  at  beginning  and  end. 

•  The  symbol  U.  E.  meaning  Units  of  Evaporation,  may  be  substituted  for  the  expression 
Equivalent  water  evaporated  into  drj'  steam  from  and  at  212  deg. 


PART  V 
STEAM  ENGINE  CODE 
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RULES  FOR  CONDUCTING   TESTS    OF  RECIPROCATING 

ENGINES 

1     OBJECT  AND  PREPARATIONS 

Determine  the  object,  take  the  dimensions,  note  the  physical  con- 
ditions not  only  of  the  engine  but  of  all  parts  of  the  plant  that  are 
concerned  in  the  determinations,  examine  for  leakages,  install  the 
testing  appliances,  etc.,  as  pointed  out  in  the  general  instructions 
given  on  pages  1689  to  1714,  and  prepare  for  the  test  accordingly. 

2     APPARATUS  AND  INSTRUMENTS 

The  apparatus  and  instruments  required  for  a  simple  performance 
test  of  a  steam  engine,  in  which  the  steam  consumption  is  deter- 
mined by  feedwater  measurement,  are: 

(a)  Tanks  and  platform  scales  for  weighing  water  (or  water  meters 
calibrated  in  place) 

(b)  Graduated  scales  attaclied  to  the  water  glasses  of  the  boilers 

(c)  Pressure  gages,  vacuum  gages,  and  thermometers 

(d)  A  steam  calorimeter 

(e)  A  barometer 

(/)  Steam  engine  indicators 

(g)  A  planimeter 

(/()  A  tachometer  or  other  speed  measuring  apparatus 

{{)  A  friction  brake  or  dynamometer 

Directions  regarding  the  use  and  calibration  of  these  appliances 
are  given  on  pages  1691  to  1702,  and  on  page  1713. 

The  determination  of  the  heat  and  steam  consumption  of  an  engine 
by  feedwater  test  requires  the  measurement  of  the  various  supplies 
of  water  fed  to  the  boiler;  that  of  the  water  discharged  by  separators 
and  drips  not  returned  to  the  boiler,  and  that  of  water  and  steam 
which  escapes  by  leakage  of  the  boiler  and  piping;  all  of  these  last 
being  deducted  from  the  total  feedwater  measured. 

Where  a  surface  condenser  is  provided  and  the  steam  consumption  is  de- 
termined from  the  water  discharged  by  the  air  pump,  no  such  meas- 
urement of  drips  and  leakage  is  required,  but  assurance  must  be  had 
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that  all  the  steam  passina;  into  the  cylinders  finds  Its  way  into  the 
condenser.  If  the  condenser  leaks  the  defects  causing  it  should  be 
remedied,  or  snitahle  correction  made  for  the  leakage. 

To  ascertain  the  consumption  of  heat,  the  various  feed  tempera- 
tures are  taken  and  heat  calculations  made  accordingly.  If  the 
conditions  imposed  by  the  particular  method  adopted  for  carrying 
on  the  test  depart  from  the  usual  practice,  as  for  example  where  a 
colder  supply  of  feedwater  is  used  than  the  ordinary  supply,  a  pre- 
liminary or  subsequent  run  should  be  made  to  ascertain  the  tem- 
peratures which  obtain  under  the  usual  working  conditions,  and  the 
heat  measurements  obtained  under  the  test-conditions  appropriately 
corrected  for  such  departures. 

The  steam  consumed  by  steam-driven  auxiliaries  which  are  re- 
quired for  the  operation  of  the  engine  should  be  included  in  the  total 
steam  from  which  the  heat  consumption  is  calculated  and  the  quan- 
tity of  steam  thus  used  should  be  determined  and  reported. 

For  fuller  particulars,  see  description  of  Steam  Measuring  appa- 
ratus, page  1692,  Part  I,  and  Appendices  Nos.  3  and  25. 

3     OPERATING  CONDITIONS 

Determine  what  the  operating  conditions  should  be  to  conform 
to  the  object  in  view,  and  see  that  they  prevail  throughout  the  trial, 
as  pointed  out  on  page  1703,  Part  I. 

4     DURATION 

A  test  for  heat  or  steam  consumption,  with  substantially  constant 
load,  should  be  continued  for  such  time  as  may  be  necessary  to 
obtain  a  number  of  successive  hourly  records,  during  which  the 
results  are  reasonably  uniform.  For  a  test  involving  the  measure- 
ment of  feedwater  for  this  purpose,  five  hours  is  sufficient  duration. 
Where  a  surface  condenser  is  used,  and  the  measurement  is  that  of 
the  water  discharged  by  the  air  pump,  the  duration  may  be  some- 
what shorter.  In  this  case,  successive  half-hourly  records  may  be 
compared  and  the  time  correspondingly  reduced. 

When  the  load  varies  widely  at  different  times  of  the  day,  the 
duration  should  be  such  as  to  cover  the  entire  period  of  variation. 

The  preliminary  or  subsequent  trial  for  determining  the  working 
temperatures  on  a  heat  test,  where  the  temperatures  obtained  under 
the  test  conditions  depart  from  the  usual  temperatures,  should  be 
of  such  duration  as  may  be  required  to  secure  working  results. 
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5     STARTING  AND  STOPPING 

The  engine  and  appurtenances  having  been  set  to  work  and 
thoroughly  heated  under  the  prescribed  conditions  of  test,  except 
in  cases  where  the  object  is  to  obtain  the  performance  under  working 
conditions,  note  the  water  levels  in  the  boilers  and  feed  reservoir, 
take  the  time  and  consider  this  the  starting  time.  Then  begin  the 
measurements  and  observations  and  carry  them  forward  until  the 
end  of  the  period  determined  on.  When  this  time  arrives,  the  water 
levels  and  steam  pressure  should  be  brought  as  near  as  practicable 
to  the  same  points  as  at  the  start.  This  being  done,  again  note  the 
time  and  consider  it  the  stopping  time  of  the  test.  If  there  are  dif- 
ferences in  the  water  levels,  proper  corrections  are  to  be  applied. 

Where  a  surface  condenser  is  used,  the  collection  of  water  dis- 
charged by  the  air  pump  begins  at  the  starting  time,  and  the  water 
is  thereafter  measured  or  weighed  until  the  end  of  the  test;  no  ob- 
servations of  the  boilers  being  required. 

Care  should  be  takeu  in  cases  where  the  activity  of  combustion  iu  the 
boiler  furnaces  affects  the  height  of  water  in  the  gage  glasses  that 
the  same  conditions  of  fire  and  drafts  are  operating  at  the  end  as 
at  the  beginning.  For  this  reason  it  is  best  to  start  and  stop  a  test 
without  interfering  with  the  regularity  of  the  operation  of  the  feed 
pump,  provided  the  latter  can  be  regulated  to  run  so  as  to  supply 
the  feedwater  at  a  uniform  rate.  Iu  some  cases  where  the  supply  of 
feedwater  is  irregular,  as,  for  example,  where  an  injector  is  used 
of  a  larger  capacity  than  is  required,  the  supply  of  feedwater  should 
be  temporarily  shut  off. 

Suitable  care  should  be  observed  iu  noting  the  average  height 
of  the  water  iu  the  glasses,  taking  sufficient  time  to  satisfactorily 
judge  of  the  full  extent  of  the  fluctuation  of  the  water  line,  and 
thereby  its  mean  position. 


6     RECORDS 

The  general  data  should  be  recorded  as  pointed  out  in  Part  I, 
page  1703,  under  the  heading  Records.  Half-hourly  readings  of  the 
instruments  are  suflBcient,  excepting  where  there  are  wide  fluctua- 
tions. A  set  of  indicator  diagrams  should  be  obtained  at  intervals 
of  20  minutes,  and  at  more  frequent  intervals  if  the  nature  of  the 
test  makes  it  necessary.  Mark  on  each  card  the  cylinder  and  the 
end  on  which  it  was  taken,  also  the  time  of  day.  Record  on  one  card 
of  each  set  the  readings  of  the  pressure  gages  concerned,  taken  at  the 
same  time.     These  records  should  subsequently  be  entered  on  the 
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general  log,  together  with  the  areas,  pressures,  lengths,  etc.,  measured 
from  the  diagrams,  when  these  are  worked  up. 

Further    directions   may    be   found  in  Part  I,  i)ag{'  l(39U,  under 
the  heading  Indicators,  and  in  Appendix  No.  18. 

7     CALCULATION  OF  RESULTS 

(a)  Dry  Steam.  The  quantity  of  dry  steam  consumed  when  there  is 
no  superheating  is  determined  by  deducting  tlie  moisture  found  by 
calorimeter  test  from  the  total  amount  of  feedwater  (the  latter 
being  corrected  for  leakages)  or  from  the  amount  of  air  purai)  dis- 
charge, as  the  case  may  l)e. 

When  there  is  superheating  the  dry  steam  is  found  by  multiplying 
the  weight  of  superheated  steam  by  the  factor 
C  (T  —  t) 


1  + 


H  —  h 
in  which 

C  =  specific  heat  of  superheated  steam  at  observed  pressure  and 

temperature. 
T  —■  temperature  of  superheated  steam. 
t    —  temperature  of  saturated  steam. 
H  =  total  heat  of  saturated  steam  of  observed  pressure. 
//    =  total  heat  of  feedwater. 
{h)     Beat  Consumption.     The  number  of  heat  units  consumed  by  the 
engine  is  found  by  multiplying  the  weight  of  feedwater  consumed, 
corrected  for  leakages,  by  the  total  heat  of  the  steam  above  the  work- 
ing feed  temperature,  and  multiplying  the  product  by  a  factor  of 
correction  expressing  the  quality  of  the  steam. 
If  the  steam  contains  moisture,  this  factor  equals 

T  —  h 

g  +  p 

H  —  n 

in  which  Q  is  the  quality  of  the  steam  (one  minus  the  decimal  repre- 
senting the  percentage  of  moisture),  P  the  proportion  of  moisture. 
T  the  total  heat  of  water  at  the  temperature  of  the  steam,  h  the  total 
heat  of  the  feedwater,  and  //  the  total  heat  of  saturated  steam. 

If  the  steam  is  superheated,  the  factor  is  that  given  above  under 
(a)  Dry  Steam. 

If  there  are  a  number  of  sources  of  feedwater  supply,  the  corre- 
sponding heat  units  should  be  determined  for  each  supply  and  the 
various  quantities  added  together. 

The  British  standard  of  heat  consumption  is  based  on  a  feedwater 
temperature  assumed  to  be  that  of  the  temperature  of  saturated 
steam  corresponding  to  the  observed  back  pressure  (whether  this 
is  above  or  below  the  atmosphere),  plus  the  temperature  due  to  heat 
derived  from  jacket  or  reheater  drips.  It  does  not  include  the  heat 
consumed  by  any  auxiliaries,  except  jackets  and  reheaters. 

For  fuller  particulars  see  Appendices  No.  25  and  No.  26. 


1736  REPORT   OF    POWER   TEST    COMMITTEE 

(c)     Indicated  Horsepoiccr.     lu  a  single  double-actiug  cylinder  the  indi- 
cated horsepower  is  found  by  using  the  formula 
I'  L  A  A 
33,000 
in  which  P  represents  the  average  mean  effective  pressure  in  pounds 
per  sq.  in.  measured  from  the  indicator  diagrams,  L  the  length  of 
stroke  in  ft.,  .1  the  area  of  the  piston  less  one-half  the  area  of  the 
piston  rod,  or  the  mean  area  of  tlie  rod  if  it   passes  through  both 
cylinder  heads,  in  sq.  in.,  and  A'  the  number  of  single  strokes  per 
minute. 

Where  extreme  accuracy  is  required,  the  power  developed  by  each 
side  of  the  piston  may  be  determined  and  the  results  added  together. 

{d)  Brake  Uorsepoicer.  The  brake  horsepower  is  found  by  multiplying 
the  net  weight  on  the  brake  arm  (the  gross  weight  minus  the  weight 
when  the  brake  is  entirely  free)  in  lb.,  the  circumference  of  the  circle 
passing  through  the  bearing  point  at  the  end  of  the  brake  arm,  in  ft., 
and  the  number  of  revolutions  of  the  brake  shaft  per  minute ;  and 
dividing  the  product  by  33,000. 

(e)  Electrical  Horsepoivtr.  The  electrical  horsepower  for  a  direct- 
connected  generator  is  found  by  dividing  the  output  at  the  bus-bar, 
expressed  in  kilowatts,  by  the  decimal  0.746.  For  alternating-current 
systems  the  net  output  is  to  be  used,  being  the  total  output  less  that 
consumed  for  excitation.     See  Appendix  No.  21. 

(/)     Efficiency.     The   efficiency   is   expressed   by   the   thermal   efficiency 
ratio,  which  is  found  by  dividing  the  quantity  2545  by  the  nmnber 
of  heat  units  consumed  per  h.p.-hr..  either  indicated  or  brake. 
See  Appendix  No.  13  for  reference  to  British  practice. 

(g)  Steam  accounted  for  by  Indicator  Diagrams.  The  steam  accounted 
for,  expressed  in  pounds  i^er  i.h.p.  per  hour,  may  readily  be  found 
by  using  the  formula 

13,7£ .  . 

+  E)Wc  —  (H  +  E)   Wh 


3,750  r 

(C 

i.e.p.  L 


m. 
in  which 

m.e.p  =  niean  effective  pressure. 

C  =  propoi'tion  of  stroke  completed  at  cut-off  or  release 
E  =  proportion  of  clearance 

H  --  proportion  of  stroke  uncompleted  at  compression 
Wc  =  weight  of  1  cu.  ft.  steam  at  cut-oft'  or  release  pressure 
Wh  =  weight  of  1  cu.  ft.  steam  at  compression  pressure 
The  points  of  cut-oft'  relensc  and  compression,  referred  to    are  in- 
dicated in  Fig.  1  * 

In  multiple  expansion  engines  the  mean  effective  pressure  to  be 
used  in  the  above  fornmla  is  the  combined  m.e.p.  referred  to  the 
cylinder  under  consideration.     In  a  comjiound  engine  the  combined 

*  Reproduced  from  Report  of    Committee  on  Standardizing  Engine   Tests,   Fig.    122,   Trans. 
Am.  Soc.  M.  E.,  vol.  24,  p.  744. 
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m.e.p.  for  the  h.p.  cyliuder  is  the  sum  of  the  actual  m.e.p.  of  the  h.p. 
cj'linder  and  that  of  the  l.p.  cylinder  multiplied  by  the 
cylinder  ratio.  Lilcewise  the  combined  m.e.p.  for  the  l.p.  cylinder 
is  the  sum  of  the  actual  m.e.p.  of  the  l.p.  cylinder  and  the  m.e.p. 
of  the  h.p.  cylinder  divided  by  the  cylinder  ratio. 

(h)  Cut-Off  and  Ratio  of  Expansion.  To  find  the  percentage  of  cut-off, 
or  what  may  best  be  termed  the  "  commercial  cut-off,"  the  following 
rule  should  be  observed  : 

Through  the  point  of  maximum  pressure  during  admission 
draw  a  line  parallel  to  the  atmospheric  line.  Through  a  point 
on  the  expansion  line  where  the  cut-off  is  complete,  draw  a 


Atmospnenc  line 

Fig.  1     Points  where  "  Steam  Accounted  for  by  Indicator"  is  Computed 


(i) 


hyperbolic  curve.     The  intersection  of  these  two  lines  is  the 

point  of  commercial  cut-off,  and  the  proportion  of  cut-off  is 

found  by  dividing  the  length  measured  on  the  diagram  up  to 

this  point  by  the  total  length. 

To  find  the  ratio  of  expansion  divide  the  volume  corresponding  to 

the  piston  displacement,  including  clearance,  by  the  volume  of  the 

steam  at  the  commercial  cut-off,  including  clearance. 

In  a  multiple  expansion  engine  the  ratio  of  expansion  is  found  by 
dividing  the  volume  of  the  l.p.  cylinder,  including  clearance,  by  the 
volume  of  the  h.p.  cylinder  at  the  commercial  cut-off,  including 
clearance. 

Miscellaneous.  The  method  of  obtaining  a  "  combined  diagram " 
in  compound  and  other  multiple  expansion  engines  is  pointed  out  in 
Appendix  No.  27.  That  of  finding  the  "  diagram  factor "  is  given 
in  Appendix  No.  28.  Methods  of  making  "  heat  analyses,"  and  "  tem- 
perature entropy  diagrams,"  and  the  manner  of  determining  the 
"  ratio  of  economy  of  an  engine  to  that  of  an  ideal  engine,"  are 
given  in  Appendices  Nos.  29,  30,  and  31,  respectively. 
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S     DATA  AND  RESULTS 

The  data  and  results  should  be  reported  in  accordance  with  either 
the  Short  Form  or  Complete  Form  given  herewith,  adding  lines  for 
data  not  provided  for,  or  omitting  those  not  required,  as  may  con- 
form to  the  object  in  view. 

(See  footnote  on  page  1744  for  reference  to  engines  driving  elec- 
tric generators  and  other  machinery.) 

TABLE  1  DATA  AND  RESULTS  OF  HEAT  AND  FEEDWATER  TESTS 
OF  STEAM  ENGINE 

SHORT  FORM,  CODE  OF  1912 


(1)  Test   of engine   located   at. . . . 

to  determine couducted  by 

(2)  Tj^ie  and  class  of  engine  and  auxiliaries 


1st  Cyl.     2d  Cyl.     3d  Cyl. 

(3)  Dimensions  of  main  engine: 

(a)  Diameter   of    cylinder in 

(b)  Stroke  of  piston ft 

(c)  Diameter  of  piston  rod  each  end,  in     

(d)  Average  clearance per  cent     

(e)  Cylinder   ratio 

(/)     Horsepower    constant    for    1     lb. 

m.e.p.  and  1  r.p.m 

(4)  Dimensions  and  type  of  auxiliaries 

(5)  Date    

(6)  Duration    hr. 

Average  Pressures  and  Temperatures 

(7)  Pressure  in  steam  pipe  near  throttle  by  gage lb. 

(S)     Barometric  pressure  of  atmosphere  in  in.  of  mercury in. 

(9)     Pressure  in  receivers  by  gage lb. 

(10)  Vacuum  in  condenser  in  in.  of  mercury in. 

(11)  Pressure  in  jackets  and  reheaters  by  gage lb. 

(12)  Temperature  of  main  supply  of  feed  water deg. 

(13)  Temperature  of  additional  supplies  of  feedwater deg. 

Total  Quantities 

(14)  Total  water  fed  to  boilers  from  main  source  of  supply lb. 

(15)  Total  water  fed  from  additional  supplies lb. 

(16)  Total  water  fed  to  boilers  from  all  sources lb. 

(17)  Moisture  in  steam  or  superheating  near  throttle per  cent  or  deg. 

(19.)  Factor  of  correction  for  quality  of  steam 

(19)  Total  dry  steam  consumed  for  all  purposes lb. 
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Hourly   QuANxniEfci 

(20)  Water  fed  from  main  source  of  supply lb. 

(21)  Water  fed  from  additioiia  1  supplies lb. 

(22)  Total  water  fed  to  boilers  per  hour lb. 

(23)  Total  dry  steam  consumed  per  hour lb 

(24)  Loss  of  steam  and  water  per  hour  due  to  drips  from  main  steam 

pil)es  aud  to  leakage  of  plant lb. 

(25)  Net  dry  steam  consumed  per  hour  by  engine  and  auxiliaries. .  .lb. 

(26)  Net  dry  steam  consumed  per  hour : 

(rt)     By   engine   alone lb. 

( ft )     By    auxiliaries lb. 

Heat  Data 

(27)  Heat    units   per   lb.    of   dry   steam,    based    on    temperature   of 

Line    12 B.t.u. 

(28)  Heat    units   per   lb.    of  dry   steam,    based   on    temperature   of 

Line   13 B.t.u. 

(29)  Heat  units  consumed  per  hour,  main  supply  of  feed B.t.u. 

(30)  Heat  units  consumed  per  hour,  additional  supplies  of  feed B.t.u. 

(31)  Total  heat  units  consumed  per  hour  for  all  purposes B.tu. 

(32)  Loss  of  heat  per  hour  due  to  leakage  of  plant,  drips,  etc B.t.u. 

(33)  Net  heat  units  consumed  per  hour: 

(o)     By  engine  and  auxiliaries. B.t.u. 

(h)     By   engine   alone B.t.u. 

(e)     By    auxiliaries B.t.u. 

Indicatob  Diagbams 

IstCyL    2dCyl.     3d  Cyl. 

(34)  Commercial  cut  off  in  per  cent  of  stroke 

(35)  Initial   pressure   in   lb.    per   sq.    in.    above 

atmosphere 

(36)  Back   pressure   at   lowest   point   above   or 

below  atmosphere  iu  lb.  per  sq.  In 

(37)  Mean  effective  pressure  iu  lb.  per  sq.  in 

(38)  Steam  accounted  for  by  indicator  in  lb.  per 

i.h.p.  per  hour : 

(a)     Near  cut-off 

(6)     Near   release 

Speed 

(39)  Revolutions   per   minute rev. 

(40)  Piston  speed  in  ft.  per  min ft. 

Power 

(41)  Indicated  horsepower  developed  by  main-engine  cylinders: 

1st  cylinder I.h.p. 

2d  cylinder i.h.p. 

3d  cylinder  whole  engine i.h.p. 

Whole  engine i.h.P. 

(42)  Brake   horsepower br.h.p. 
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EcowoAiy  Results 

(43)  Heat  units  consnnied  by  engine  and  auxiliaries  per  hour: 

(a)     Per  indicated  horsepower B.t.u. 

( 6 )     Per  brake  horsepower B.t.u. 

(44)  Dry  steam  consumed  per  indicated  horsepower  per  hour: 

( a)     By  engine  and  auxiliaries lb. 

{!))     By  main  engine  alone lb. 

(c)     By  auxiliaries lb. 

(45)  Dry  steam  consumed  per  brake  horsepower  per  hour: 

(a)     By  engine  and  auxiliaries lb. 

(&)     By  main  engine  alone lb. 

(c)     By   auxiliaries lb. 

(46)  Percentage  of  steam  used  by   main-engine  cylinders   accounted 

for  by  indicator  diagrams : 

(tt)     Near  cut-oft" per  cent 

(6)     Near  release per  cent 


Sample  Diagrams 

TABLE    2    DATA    AND    RESULTS    OF    STEAM-ENGINE    TEST 
COMPLETE    FORM,    CODE    OF    1912 

(1)  Test  of engine  located  at 

to    determine conducted    by 

(2)  Type  of  engine  (simple,  compound,  or  other  multiple  expansion; 

condensing  or  non-condensing) 

(3)  Class  of  engine  (mill,  marine,  electric,  etc.) 

(4)  Rated  power  of  engine 

(5)  Name   of   builders 

(G)     Number  and  arrangement  of  cylinders  of  engine;  how  lagged; 

type   of    condenser 

(7)  Type  of  valves 

(8)  Type  of  boiler 

(9)  Kind  and  type  of  auxiliaries  (air  pump,  circulating  pump,  feed 

pump ;  jackets,  heaters,  etc. ) 

1st  Cyl.     2d  Cyl.     3d  Cyl. 
(10)     Dimensions  of  engine: 

(a)     Single  or  double  acting 

(6)     Cylinder  dimensions: 

Bore,    in 

Stroke,    ft 

Diameter  of  piston  rod.  in 

Diameter  of  tall  rod.   in 

(c)     Clearance  in  per  cent   of  volume 

displaced  by  piston  per  stroke : 

Head-end,   per   cent 
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Crank-eiid,   per  cent 

Average,  per  ceut 

{(I)     Surface  iu  sq.  ft.   (average)  : 

Barrel  of  cylinder,  sq.  ft 

Cylinder  heads,  sq.  ft 

Clearance  and  ports,  sq.  ft 

Ends  of  piston,  sq.  ft 

(c)     Jacket  surfaces  or  internal  surfaces 

of  cylinder  heated  by  jackets,  iu 

sq.  ft: 

Barrel  of  cylinder,  sq.  ft 

Cylinder  heads,  sq.  ft 

Clearance  and  ports,  sq.  ft 

Receiver  jackets,  sq.  ft 

(.(/)  Horsepower  constant  for  1  lb 
m.e.p.  and  1  r.p.ni 


(11)  Dhnensions  of  boilers: 

( a )  Number    

( b)  Total  grate  surface sq.  ft. 

(c)  Total    water    heating   surface sq.  ft. 

(d)  Total   steam   heating   surface sq.  ft. 

(12)  Dimensions  of  auxiliaries: 

(a)     Air  pump 

( 6 )     Circulating   pump 

(e)  Feed    pumps 

(d)     Heaters    

( 13 )  Dimensions  of  condenser 

(14)  Dimensions  of  electric  or  other  machinery  driven  by  engine 

(15 )  Date    

(16)  Duration    hr. 

Average  Pressures  and  Temperatures 

(17)  Steam  pressure  at  boiler  by   gage lb. 

(IS)     Steam  pipe  pressure  near  throttle,  by  gage lb. 

(19)  Barometric  pressure  of  atmosphere  in  lb.  per.  sq.  in lb. 

(20)  Pressure  in  first  receiver  by  gage lb. 

(21)  Pressure  in  second  receiver  by  gage lb. 

(22)  Vacuum  in  condenser: 

(a)      In  in.  of  mercury in. 

(  h)     Corres]Kmding    total    pressure lb. 

(23)  Pressure  in  steam  jacket  by  gage lb. 

(24)  Pressure   in    reheater    by   gage lb. 

(25)  Superheat  in  steam  leaving  first  receiver deg. 

(26)  Superheat  in  steam  leaving  second  receiver deg. 

(27)  Temperature  of  main  supply  of  feedwater  to  boilers deg. 

(28)  Temperature  of  additional  supplies  of  feedwater deg. 

(29)  Ideal  feedwater  temperature  corresponding  to  the  pressure  of 

the  steam  in  the  exhaust  pipe,  allowance  being  made  for  heat 
derived  from  jacket  or  reheater  drips  (British  Standard) deg. 
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(30)  Temperature  ol"  injection  or  circulating  water  entering  condenser.deg. 

(31)  Temperature  of  injection  or  circulating  water  leaving  condenser.deg. 

(32)  Temperature  of  air  in  engine  room deg. 

Total  Quantities 

(33)  Water  fed  to  boilers  from  main  source  of  supply lb. 

(34)  Water  fed  from  additional  supplies lb. 

(35)  Total  water  fed  to  boilers  from  all  sources lb. 

(36)  Moisture  in  steam  or  superheating  near  throttle. .  .  .per  cent  or  deg. 

(37)  Factor  of  correction  for  cpiality  of  steam,  dry  steam  being  unity.  11). 

(38)  Total  dry  steam  consumed  for  all  purposes 

Hourly  Quantities 

(39)  Water  fed  from  main  source  of  supply lb. 

(40)  Water  fed  from  additional  supplies II). 

(41)  Total  water  fed  to  boilers  per  hour lb. 

(42)  Total  dry  steam  consumed  per  hour lb. 

(43)  Loss  of  steam  and  water  per  hour  due  to  drips  from  main  steam 

pipes  and  to  leakage  of  plant lb. 

(44)  Net  dry  steam  consumed  per  hour  by  engine  and  auxiliaries.  ...lb. 

(45)  Dry  steam  consumed  per  hour: 

( a )     Main  engine   alone lb. 

(&)     Jackets  and  reheaters lb. 

(c)  Air    pump lb. 

( d )  Circulating    pump lb. 

(e)  Feedwater    pump lb. 

(/)     Other    auxiliaries lb. 

(46)  Injection  or  circulating  water  supplied  condenser  per  hour.  .  .  .cu.  ft. 

Heat  Data 

(47)  Heat  units  per  pound  of  dry  steam,  based  on  temperature  of 

Line   27 B.t.u. 

(48)  Heat  units  per  pound  of  dry  steam,  based  on  temperature  of 

Line    28 R.t.u. 

(49)  Heat  units  consumed  per  hour,  main  supply  of  feed B.t.u. 

(50)  Heat  units  consumed  per  hour,  additional  supplies  of  tee<l.  ..  .B.t.u. 

(51)  Total  heat  units  consumed  per  hour  for  all  purposes B.t.u. 

(52)  Loss  of  heat  per  hour  due  to  leakage  of  plant,  drips,  etc B.t.u. 

(53)  Net  heat  units  consumed  per  hour: 

(a)     By  engine  and  auxiliaries B.t.u. 

( ft )     By    engine   alone B.t.u. 

(c)     By    auxiliaries B.t.u. 

(54)  Heat  units  consumed  per  hour  by   the  engine  alone,  reckoned 

from  temperature  given  in  Line  29   (British  Standard) ...  .B.t.u. 
Indicatok  Diagrams 

1st  Cyl.     2d  Cyl.     3d  Cyl. 

(55)  Commercial  cut-ofC  in  per  cent  of  stroke 

(56)  Initial    pressure   in    lb.    per    sq.    in.    above 

atmosphere    

(57)  Back-pressure  at  mid-stroke  above  or  be- 

low atmosphere  in  lb.  per  sq.  in 
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(58)  Meau  effective  pressure  in  lb.  per  sq.  iu 

(59)  Equivaleut   mean  effective  pressure   in    lli. 

per  sq.  iu. : 

(a)  Refei-reil  to  first  tjiinder 

( b)  Referred  to  second  cylinder 

(c)  Referred  to  third  cylinder 

(60)  Pressures  and  percentages  used  In  comput- 

ing the  steam  accounted  for  by  the  indi- 
cator diagrams,  measured  to  points  on 
the  expansion  and  compression  curves: 
Pressure  above  zero  in  lb.  per  sq.  in : 

(a)     Near   cut-oft" 

(6)     Near    release 

(c)     Near  beginning  of  compression     

Percentage  of  stroke  at  points  where 
pressures  are  measurefl : 

id)     Near   cut-off 

(e)     Near    release 

(/)     Near  beginning  of  compression     

(61)  Aggregate  m.e.p.  in  lb.  per  sq.  in.  referred 

to  each  cylinder  given  in  heading 

(62)  Meau   back    pressure   above   zero,    lb.    per 

sq.    in ; 

(63)  Steam  accounted  for  in  lb.   per  indicated 

horsepower  per  hour : 

(a)     Near   cut-off 

(6)     Near   release 

(64)  Ratio  of  expansion 

(65)  Mean  effective  pressure  of  ideal  diagram   (Appendix  No.  28).... lb. 

(66)  Diagram  factor    (Appendix  No.  28) 

Speed 

(67)  Revolutions   per   minute rev. 

(68)  Piston   speed  per   minute ft. 

(69)  Variation  of  speed  between  no  load  and  full  load rev. 

(70)  Fluctuation  of  speed  on  suddenly  changing  from  full  load  to  no 

load,  measured  by  the  increase  in  the  revolutions  due  to  the 
change   rev. 

Power 

(71)  Indicated  horsepower  developed  by   main  eugine : 

1st  cylinder i.h.p. 

2d    cylinder i.h.p. 

3d    cylinder i.h.p. 

Whole   engine i.h.p. 

(72)  Brake   horsepower br.h.p. 

(73)  Friction   i.h.p.   by  diagrams,   no  load  on   engine,   computed  for 

average  speed i.h.p. 

(74)  Difference  between  Lines  71  and  72 h.i> 
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(75)     rerceiitage  of  i.li.p.  of  maiu  engine  lost  in  friction per  cent 

(7('})     I'ower  developed  l).v  anxiliaries' i.b.p. 

Economy  Results 

(77)  Heat  units  consumed  per  indicated  horsepower  per  hour  :- 

(u)     By  engine  and  auxiliaries B.t.u. 

(b)     By    engine   alone B.t.u. 

(78)  Heat  units  consumed  per  bralie  horsepower  per  hour : 

(a)  By  engine  and  auxiliaries B.t.u. 

( b )  By    engine   alone B.t.u. 

(79)  Heat  units  consumed  by  engine  per  hour,  corresponding  to  ideal 

temperature  of  feedwater   given   in   Line  29,   per   indicated 
horsepower    (British    Standard) B.t.u. 

(80)  Dry  steam  consumed  per  i.b.p.  per  hour: 

(«)     By  engine  and  auxiliaries lb. 

(b)  By    maiu    engine    alone lb. 

(c)  By   auxiliaries lb. 

(81)  Dry  steam  consumed  per  brake  h.p.  per  hour: 

(o)     By  engine  and  auxiliaries lb. 

( b)  By   main    engine    alone lb. 

(c)  By   auxiliaries lb. 

(82)  Percentage  of  steam  used  by  main  engine  cylinders  accounted 

for  by  indicator  diagrams : 

1st  Cyl.     2d  Cyl.     3d  Cyl. 

( a )     Near   cut-off 

(  b)     Near    release 

Efficiency  Results 

(83)  Thermal  efficiency  ratio  for  engine  and  auxiliaries: 

(a)  Per   indicated   horsepower per  c-ent 

( b )  I'er  brake  horsepower per  cent 

(84)  Thermal  efficiency  ratio  for  engine  alone: 

( a )  Per   indicated   horsepower per  cent 

( b )  Per  brake  horsepower per  cent 

(85)  Ratio  of  economy  of  engine  to  that  of  an  ideal  engine  working 

with  the  Rankine  cycle  (Appendix  No.  31) per  cent 

Work  Done  pek  Heat  Unit 

(86)  Ft.-lb.  of  net  work  per  B.t.u.  consumed  by  engine  and  auxiliaries 

(1,980,000  -i-  Line  7Sa) ft.-lb. 

'  These  are  not  included  in  the  power  developed  by  the  main  engine. 

*  The  h.p.  on  which  the  economy  and  efficiency  results  are  based  are  those  of  the  main  engine 
given  in  Line  71. 

Note:  Both  the  Short  Form  and  Complete  Form  here  given  refer  to  a  steam  engine  used  for 
general  service. 

For  an  engine  driving  an  electric  generator  the  form  should  be  enlarged  to  include  the  electrical 
data,  embracing  the  average  voltage,  number  of  amperes  each  phase,  number  of  watts,  number 
of  watt  hours,  average  power  factor,  etc.;  and  the  economy  results  based  on  the  electrical  output 
embracing  the  heat  units  and  steam  consumed  per  electric  h.p.  per  hour  and  per  kw-hr.,  together 
with  the  efficiency  of  the  generator.     See  table  for  Steam  Turbine  Code,  Part  6. 

Likewise,  in  a  marine  engine  having  a  shaft  dynamometer,  the  form  should  include  the  data 
obtained  from  this  instrument,  in  which  case  the  brake  h.p.  becomes  the  shaft  h.p. 


PART  VI 
STEAM  TURBINE  CODE 


RULES   FOR  CONDUCTING  TESTS  OF  STEAM    TUR- 
BINES AND  TURBO-GENERATORS 

1     OBJECT  AND  PREPARATIONS 

Determine  the  object,  take  the  dimensions,  note  tlie  physical 
conditions  not  only  of  the  turbine  but  of  the  entire  plant  concerned, 
examine  for  leakages,  install  the  testing  appliances,  etc.,  as  pointed 
out  in  the  general  instructions  given  on  pages  1689  to  1714  and  pre- 
pare for  the  test  accordingly. 

2    APPARATUS  AND  INSTRUMENTS 

The  apparatus  and  instruments  required  for  a  simple  performance 
test  of  a  steam  turbine  or  turbo-generator,  in  which  the  steam  con- 
sumption is  determined  by  feedwater  measurement,  are: 

(a)  Tanks  and  platform  scales  for  weighing  water,    (or  water  meters 
calibrated  in  place) 

(b)  Graduated  scales  attached  to  the  water  glasses  of  the  boilers 

(c)  Pressure  gages,  vacuum  gages,  and  thermometers 

(d)  A  steam  calorimeter 

(e)  A  barometer 

(/)     A  tachometer  or  other  speed-measuring  apparatus 
{g)     A  friction  brake  or  dynamometer 

(fi)     Volt  meters,  ammeters,  wattmeters,  and  watt-hour  meters  for  the 
electrical  measurements  in  the  case  of  a  turbo-generator 

Directions  regarding  the  use  and  calibration  of  these  appliances 
are  given  on  pages  1691  to  1702,  and  on  page  1713. 

The  determination  of  the  heat  and  steam  consumption  of  a  tur- 
bine or  turbo-generator  should  conform  to  the  same  methods  as 
those  described  in  the  Steam  Engine  Code,  page  1735. 

The  steam  consumed  by  steam-driven  auxiliaries  required  for  the 
operation  of  a  turbine  should  be  included  in  the  total  steam  from 
which  the  heat  consumption  is  calculated  the  same  as  in  the  case  of 
the  steam  engine. 
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3     OPERATING  COiNDrilONS 

Determine  what  the  operating  conditions  should  be  to  conform  to 
the  object  in  view  and  see  that  they  prevail  throughout  the  trial. 

4  DURATION 

5  STARTING  AND  STOPPING 

6  RECORDS 

7  CALCULATION  OF  RESULTS 

The  rules  pertaining  to  the  subjects  Duration,  Starting  and 
Stopping,  Records,  and  Calculation  of  Results,  are  identically  the 
same  as  those  given  under  the  respective  headings  in  the  Steam 
Engine  Code,  pages  1733  to  1737  with  the  single  exception  of  the 
matter  relating  to  indicator  diagrams  and  results  computed  there- 
from; and  reference  may  be  made  to  that  code  for  the  directions 
required  in  these  particulars. 

8     DATA  AND  RESULTS 

The  data  and  results  should  be  reported  in  accordance  with  the 
form  given  herewith,  adding  lines  for  data  not  provided  for,  or  omit- 
ting those  not  required,  as  may  conform  to  the  object  in  view; 

DATA  AND  RESULTS  OF  STEAM  TURBINE  OR  TURBO-GENERATOR 

TESTS 

CODE  OF  1912 

(1)  Test  of turbine  located  at 

to  determine ,  conducted  by 

(2)  Type  of  turbine  and  class  of  service 

(3)  Type  of  generator,  kind  of  current,  etc 

(4)  Rnted  power  of  turbine 

(5)  Type  of  boiler 

(6)  Kind  and  type  of  auxiliaries    (air  pumps,  circulating  pumps,  feed 

pumps,  etc. ) 

(7)  Dimensions  of  turbine  or  turbo-generator 

(8)  Dimensions  of  boilers    

(9)  Dimensions  of  auxiliaries   

( 10)  Dimensions  of  condenser 

(11)  Date  

(12)  Duration hr, 

AvEBAGE  Pressures  and  Temperatures 

(13)  Steam  pipe  pressure  near  throttle,  by  gage lb. 
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(14)  Steam  chest  pressure  by  gage 11>. 

(15)  Marometric  pressure  of  atmosphere  iu  lb.  per  sq.  iu lb. 

(K.)      N'acuum  iu  condeuser: 

(a)  In  inches  of  mercury in. 

(b)  Correspondiui,'  absolute  pressure lb. 

(17)     Exhaust  chamber  pressure   (absolute) lb. 

( IS)     Teuiperature  of  main  supply  of  feed  water  to  boilers .deg. 

(  1!))     Temjierature  of  additional  supplies  of  feedwater deg. 

(•_*(»)     'I'emperature    of    injection    or    circulating    water    entering    con- 
denser    deg. 

(21)  Temperature    of    injection    or    circulating    water    leaving    con- 

denser    deg. 

Total  Quantities 

(22)  Water  fed  to  boilers  from  main  source  of  supply lb. 

(23)  Water  fed  from  additional  supplies lb. 

(24)  Total  water  fed  to  boilers  from  all  sources lb. 

(25)  Moisture  in  steam  or  superheating  near  throttle per  cent  or  deg. 

(26)  Factor  of  correction  for  quality  of  steam,  dry  steam  being  unity 

(27)  Total  dry  steam  consumed  for  all  purposes lb. 

Hourly  Quantities. 

(28)  Water   fed  from   main  source  of  supply lb. 

(29)  Water  fed  from  additional  supplies lb. 

(30)  Total   water  fed  to  boilers  per  hour lb. 

(31)  Total  dry  steam  consumed  per  hour lb. 

(32)  Loss  of  steam  and  water  per  hour  due  to  drips  from  main  steam 

pipes  and  to  lealiage  of  plant lb. 

(33)  Net  dry  steam  consumed  per  hour lb. 

(34)  Dry  steam  consumed  per  hour: 

(a)     By  turbine lb. 

( & )     By  auxiliaries lb. 

(35)  Injectimi      or      circulating      water      su]»plied      condensers      per 

hour    '-u.    ft. 

Heat  Data 
(3G)     Heat  units  per  pound  of  dry  steam,  based  on  temperature  of 

Line  IS H.tn. 

(37)     Heat  units  per  pound  of  dry  steam,  based  on  temperature  of 

Line  19 r..t.u. 

(3.S)      Heat  units  consumed  per  hour,  main  supply  of  feed B.t.iL 

(3!))      Heat  units  consumed  per  hour,  additional  supplies  of  feed B.t.u. 

(40)  Total  heat  units  consumed  per  hour  for  all  ijurjioses B.t.u. 

(41 )  Loss  of  heat  per  hour  due  to  leakage  of  plant,  drips,  etc B.t.u. 

(42)  Heat  units  consumed  per  hour: 

(«)      By  turbine  and  auxiliaries B.t.u. 

(h)     By  turbine  alone B.t.u. 

(c)     By  auxiliaries B.t.u. 
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Electricai,  Data 

(43)  Average  volts,  each  phase volts 

(44)  Average  amperes,  each  phase amperes 

(45)  Average  kilowatts,   first  meter kw. 

(40)     Average  kilowatts,  second  meter kw. 

(47 )  Total  kilowatt  output kw. 

(48)  Power    factor 

(49)  Output  consumed  by  exciter kw. 

(50)  Net  kilowatt  output kw. 

Speed 

(51)  Revolutions  per   minute rev. 

(52)  Variation  of  speed  between  no  load  and  full  load rev. 

(53)  Fluctuation  of  speed  on  suddenly  changing  from  full  load  to  no 

load,  iiieasinvd  by  the  increase  in  the  revolutions  due  to  the 
change  rev. 

Power 

(54 )  Brake    horsepower br.h.p. 

(55)  Electrical  horsepower h.p. 

Economy  Results 
(50)     Heat    units    consumed    by    turbine   and    auxiliaries    per    brake 

h.p.-hr B.t.u. 

(57)     Dry  steam  consumed  per  brake  h.p.-hr. : 

(a)  By  turbine  and  auxiliaries lb. 

( b )  By  turbine  alone lb. 

(c)  By   auxiliaries lb. 

(.5N)      Dry  steam  coiisnnied  per  kw-lir. : 

(a)     By  turbine  and  auxiliaries lb. 

(ft)     By  turbine  alone lb. 

(e)     By   auxiliaries lb. 

Efficiency  Results 

(59)  Thermal  erticieucy  ratio  per  brake  horsepower per  cent 

(60)  Ratio  of  economy  of  turbine  to  that  of  an  ideal  turbine  working  with 

the  Rankine  cycle 

Work  Done  per  Heat  Unit 

(01)      Ft.-ll).  of  net  work  per  B.t.u.  consumed  by  turbine  and  auxiliaries 

(1,080,000  H-  Line  .56) ft-lb. 
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RULES  FOR  CONDUCTING  TESTS  OF  COMPLETE 
STEAM  POWER  PLANTS 

1     OBJECT  AND  PREPARATIONS 

These  rules  are  intended  to  apply  to  commercial  tests  of  a  complete 
plant  to  determine  the  number  of  pounds  of  fuel  consumed  per  unit 
of  work  done  in  a  unit  of  time.  For  tests  of  the  component  parts  of 
a  complete  plant,  such  as  boilers,  engines,  turbines,  etc.,  rules  may 
be  found  in  the  respective  Codes  applying  to  such  cases. 

Read  the  general  instructions  given  on  pages  1689  to  1704. 
Take  the  dimensions,  note  the  physical  conditions,  examine  for 
leakages,  install  the  testing  appliances,  etc.,  as  there  pointed  out, 
and  prepare  for  the  test  accordingly. 

2    FUEL 

Determine  the  character  of  the  fuel  to  be  used  according  to  the 
object  in  view.  For  further  particulars  reference  may  be  made  to 
the  Boiler  Code,  page  1715. 

3  APPARATUS  AND  INSTRUMENTS 

The  apparatus  and  instruments  required  for  a  simple  performance 
test  of  a  steam  plant  are: 

(a)   Platform  scales  for  weighing  coal  and  ashes 

(&)   Coal  calorimeter 

(c)   Steam  engine  indicators 

((7)   A  tachometer  or  other  speed-measuring  apparatus 

(e)   Electrical  instruments  for  determining  the  output  of  an  electric  plant 

Directions  regarding  the  use  and  calibration  of  these  appliances 
are  given  on  pages  1691  to  1702. 

If  the  test  involves  the  determination  of  boiler  performance,  and 
engine  or  turbine  performances,  additional  instruments  should  be 
used  as  pointed  out  in  the  respective  Codes  referring  to  such  tests. 

4    OPERATING  CONDITIONS 
Determine  what  the  operating  conditions  should  be  to  conform  to 
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the  object  in  view,  and  see  that  they  prevail  throughout  the  trial, 
as  pointed  out  on  page  1703. 

5     DURATION 

The  duration  of  a  plant  test  should  be  not  less  than  one  day  of  24 
hours,  and  preferably  a  full  week  of  seven  days,  including  Sunday. 

In  cases  where  the  engine  or  turbine  is  in  operation  only  a  part  of 
the  day,  the  duration  on  which  the  results  are  computed,  should  be 
considered  the  length  of  time  that  the  engine  or  turbine  is  in  opera- 
tion at  its  working  speed. 

6     STARTING  AND  STOPPING 

In  a  plant  operating  continuously,  day  and  night,  the  times  fixed 
for  starting  and  stopping  should  follow  the  regular  periods  of  clean- 
ing the  fires.  The  fires  should  be  quickly  cleaned  and  then  burned 
low,  say  to  a  thickness  of  4  in.  When  this  condition  is  reached  the 
time  should  be  noted  as  the  starting  time,  and  the  thickness  of  each 
coal  bed  observed,  as  also  the  water  levels  and  the  steam  pressure. 
Fresh  coal  should  then  be  fired  from  that  weighed  for  the  test,  the 
ashpits  thoroughly  cleaned,  and  the  regular  work  of  the  test  pro- 
ceeded with.  At  the  close  of  the  test,  following  a  regular  cleaning, 
the  fires  should  again  be  burned  low,  and  when  their  condition  has 
become  the  same  as  that  observed  at  the  beginning,  the  water  levels 
and  steam  pressure  also  being  the  same,  the  time  is  observed  and 
this  time  taken  as  the  stopping  time.  If  the  water  levels  and  steam 
pressure  are  not  the  same  as  at  the  beginning  a  suitable  correction 
should  be  made  by  computation.  The  ashes  and  refuse  are  then 
hauled  from  the  ashpits. 

.  In  a  plant  running  only  a  part  of  the  day,  and  during  the  balance 
of  the  day  the  fires  are  banked,  the  time  selected  for  the  beginning 
and  end  of  the  test  should  be  that  following  the  close  of  the  day's 
run,  when  the  fires  have  been  burned  low  preparatory  to  clean- 
ing and  banking.  The  amount  of  live  coal  left  on  the  grates  under 
these  circumstances  is  estimated  at  the  beginning  of  the  test,  and 
the  fires  brought  to  the  same  condition,  as  near  as  may  be,  at  the 
close  of  the  test  the  next  day.  If  the  two  quantities  differ,  a  suitable 
correction  is  made  in  the  weight  of  coal  fired,  as  found  by  calculation. 

7    RECORDS 

The  general  data  should  be  recorded  as  pointed  out  in  Part  I, 
page  1703,  under  the  head  of  Records.     Half-hourly  readings  of  the 


1754  REPORT  OF  POWER  TEST  COMMITTEE 

various  instruments  concerned  are  usually  sufficient,  excepting  where 
there  are  ^vide  fluctuations.  A  set  of  indicator  diagrams  should  be 
obtained  at  intervals  of  20  minutes,  and  at  more  frequent  intervals 
if  the  nature  of  the  test  makes  it  necessary.  Mark  on  each  card  the 
cylinder  and  the  end  on  which  it  was  taken,  also  the  time  of  the  day. 
Record  on  one  card  of  each  set  the  readings  of  the  pressure  gages 
concerned,  taken  at  the  same  time.  These  records  should  subse- 
quently be  entered  on  the  general  log,  together  with  the  areas,  pres- 
sures, lengths,  etc.,  measured  from  the  diagrams,  when  these  are 
the  worked  up. 

Further  directions  may  be  found  in  Part  I,  page  1699,  under 
the  heading  Indicators  and  in  Appendix  No.  18. 

8     SAMPLING  AND  DRYING  COAL 

During  the  progress  of  the  test  the  coal  should  be  regularly  sam- 
pled for  the  purpose  of  analysis  and  determination  of  moisture,  in 
the  manner  pointed  out  in  Part  III,  page  1712. 

9     ASHES  AND  REFUSE 

The  ashes  and  refuse  withdrawn  from  the  furnace  and  ashpit  dur- 
ing the  progress  of  the  test  and  at  its  close  should  be  weighed  in  a 
dry  state,  and,  if  desired,  a  representative  sample  should  be  obtained 
for  proximate  analysis  and  the  determination  of  the  amount  of  un- 
burned  carbon  which  it  contains. 

10    CALORIFIC  TESTS  AND  ANALYSES  OF  COAL 

The  quaUty  of  the  fuel  should  be  determined  by  calorific  tests  and 
analysis  of  the  representative  sample  above  referred  to.  Directions 
for  making  these  tests  and  analyses  will  be  found  in  Part  I  under  the 
headings  Coal  Calorimeters  and  Coal  Analysis  Apparatus,  page  1697. 

11     CALCULATION  OF  RESULTS 

The  methods  of  calculating  the  indicated  and  electrical  horse- 
powers are  the  same  as  explained  in  the  Steam  Engine  Code,  page 
1736. 

12     DATA  AND  RESULTS 

The  data  and  results  should  be  reported  in  accordance  with  the 
form  given  herewith,  adding  lines  for  data  not  provided  for,  or 
omitting  those  not  required,  as  may  conform  to  the  object  in  view. 
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DATA  AND  RESULTS  OF  COMI'LETIO  STEAM  POWER  PLANT  TEST 

( 1 )  Test  of plant  located  at 

to  determine ,  conducted  by 

(2)  Type  of  engine  or  turbine  and  class  of  service 

(3)  Rated  power  of  engine  or  turbine 

(4)  Type  of  boilers 

(5)  Kind  and  type  of  auxiliaries  (air  pump,  circulating  pump,  and 

feed  pump ;  jaclcets,  lieaters,  etc.) 

(0)     Dimensions  of  engine  or  turbine 

(7)  Dimensions  of  boilers  

(8)  Dimensions  of  auxiliaries 

(9)  Dimensions  of  condenser    

(10)  Date   

(11)  Duration   br. 

(12)  Length  of  time  engine  or  turbine  was  in  motion  with  throttle 

open    hr. 

(13)  Length  of  time  engine  or  turbine  was  running  at  normal  speed. .  .hr. 

(14)  Kind  of  coal 

(15)  Size  of  coal 

Average  Pressures  and  Temperatures 

(16)  Steam  pressure  at  boiler  by  gage lb. 

( 17)  Steam  pipe  pressure  near  throttle,  by  gage lb. 

(18)  Barometric  pressure  of  atmosphere  in  in.  of  mercury in. 

( 19)  Pressure  in  receiver  by  gage lb. 

(20)  Vacuum  in  condenser in. 

(21)  Number  of  degrees  of  superheating,  if  any,  near  throttle deg. 

(22)  Temperature  of  feedwater  entering  boilers deg. 

Total  Quantities,  Time,  Etc. 

(23)  Total  coal  as  flred^ lb. 

(24)  Moisture  in  coal per  cent 

(25)  Total  dry  coal  cousvmied lb. 

(26)  Ash  and  refuse lb. 

(27)  Percentage  of  ash  and  refuse  to  dry  coal per  cent 

(28)  Calorific  value  by  calorimeter  test  per  lb.  of  dry  coal B.t.u. 

(29)  Cost  of  coal  per  ton  of  ....  lb dollars 

Hourly  Quantities 

(30)  Dry  coal  consumed  per   hour,   based  on   duration   of  running 

period    lb. 

Indicator  Diagrams 

(31)  Mean  effective  pressure  in  lb.  per  sq.  in lb. 

Electrical  Data 

(32)  Total  electrical  output kw-hr. 

(33)  Electrical  output  per  hour kw. 

(34)  Output  consumed  by  exciter kw. 

Where  an  independent  sup>erheater  is  used,  ttiis  includes  coal  burned  in  th©  §uperbeAt«r. 
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(35)  Net  electrical  output  per  hour kw. 

(36)  Average  volts  each  phase volts 

(37)  Average  amperes  each  phase amperes 

(38)  Power    factor 

Speed 

(39)  Revolutions  per  minute rev. 

Power 

(40)  Indicated  horsepower  developed  by  main  engine : 

First  cylinder i.h.p. 

Second   cylinder i.h.p. 

Whole  engine i.h.p. 

(41)  Net  electrical  horsepower h.p. 

Economy  Results 

(42)  Dry  coal  consumed  per  i.h.p.  per  hour lb. 

(43)  Dry  coal  consumed  per  kw-hr lb. 

(44)  Cost  of  cpal  per  i.h.p.  per  hour cents 

(45)  Cost  of  coal  per  kw-hr cents 


PART  VIII 
PUMPING  MACHINERY  CODE 
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RULES  FOR  CONDUCTING   DUTY  TRIALS  OF  STEAM 
PUMPING  MACHINERY  1 

1     OBJECT  AND  PREPARATIONS 

Read  the  general  instructions  given  on  pages  1689  to  1714.  Deter- 
mine the  object,  take  the  dimensions,  note  the  physical  conditions 
not  only  of  the  pumping  machinery  but  of  all  parts  of  the  plant  con- 
cerned, examine  for  leakages,  install  the  testing  appliances,  etc.,  as 
there  pointed  out,  and  prepare  for  the  test  accordingly. 

In  a  reciprocating  pump,  determine  the  quantity  of  water  leakage 
or  slip  past  the  plungers,  and  that  of  the  pump  valves,  if  any,  as 
pointed  out  in  Appendix  No.  32. 

2  APPARATUS  AND  INSTRUMENTS 

The  apparatus  and  instruments  required  for  a  simple  duty  trial 
of  pumping  machinery,  in  which  the  steam  consumption  is  deter- 
mined by  feedwater  measurement,  are: 

(a)  Tanks  and  platform  scales  for  weighing  water  (or  water  meters 
calibrated  in  place) 

(6)     Graduated  scales  attached  to  the  water  glasses  of  the  boilers 

(c)     Pressure  gages,  vacuum  gages,  and  thermometers 

id)     A  steam  calorimeter 

(e)     A  barometer 

(/)     A   tachometer  or  other   speed-measuring   apparatus 

(g)  For  rotary  pumps  a  weir  or  other  means  for  measuring  the  quan- 
tity of  water  pumped 

(Ji)      Stroke  scales,  for  direct-acting  pumps 

In  trials  of  a  reciprocating  pumping  engine,  involving  the  deter- 
mination of  the  complete  performance,  the  weir  or  other  means  of 
measurement  noted  should  be  provided,  and  in  addition  the  follow- 
ing: 

(i)     steam  engine  indicators 
(/)     A  planimeter 

1  In  the  case  of  a  pump  driven  by  some  other  prime  mover  than  a  steam  engine  or  steam 
turbine,    the  code   may   be    modified   to  suit  the  particular  circumstances. 
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DirtH'tions  regarding  the  use  and  calibration  of  these  appliances 
are  given  on  pages  1691  to  1702  and  page  1713. 

The  determination  of  the  heat  and  steam  consumption  should 
conform  to  the  same  methods  as  those  described  in  the  Steam  Engine 
Code,  pages  1732  and  1733. 

The  steam  consumed  by  steam-driven  auxiliaries  which  are  re- 
quired in  the  operation  of  the  pumping  machinery  should  be  included 
in  the  total  steam  from  which  the  heat  consumption  is  calculated, 
the  same  as  noted  in  the  Steam  Engine  Code. 

3     OPERATING  CONDITIONS 

Determine  what  the  operating  conditions  should  be  to  conform  to 
the  object  in  view  and  see  that  they  prevail  throughout  the  trial,  as 
pointed  out  on  page  1703. 

In  trials  tor  maximum  duty,  care  should  be  taken  that  no  air  is 
snifted  into  the  pump  cylinders,  causing  imperfect  filling.  In  such 
cases,  and  indeed  in  all  cases  where  air  is  thus  admitted  in  sufficient 
quantity  to  affect  the  performance  as  revealed  by  indicator  diagrams 
from  the  water  end,  the  result  should  be  corrected  accordingly. 

4  DURATION 

5  STARTING  AND  STOPPING 

6  RECORDS 

The  rules  pertaining  to  the  subjects  Duration,  Starting  and  Stop- 
ping, and  Records,  are  identically  the  same  as  those  given  under  the 
respective  headings  in  the  Steam  Engine  Code,  pages  46,  47  and  48; 
and  reference  may  be  made  to  that  code  for  the  necessary  directions 
in  these  particulars.  Where  the  pump-end  is  of  the  reciprocating 
class,  the  indicator  diagrams  should  be  taken  not  only  from  the 
steam  cylinders  but  also  from  the  water  cylinders. 

7     CALCULATION  OF  RESULTS 

The  rules  pertaining  to  Dry  Steam,  Heat  Consumption,  and  In- 
dicated Horsepower,  are  identically  the  same  as  those  given  on  pages 
1735  and  1736  of  the  Steam  Engine  Code;  and  reference  may  be 
made  to  that  code  for  the  necessary  directions  in  these  particulars. 

(a)  Water  Horsepower.  The  water  horsepower  in  a  reciprocating 
pump  is  found  by  multiplying  the  net  area  of  the  plunger  in  sq.  in. 
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by  the  total  bead,  wbicb  is  made  up  of  tbe  pressure  shown  by  the 
gage  ou  the  force  main,  that  on  the  suction  main,  and  that  represent- 
ing the  vertical  distance  between  the  centers  of  the  two  gages,  all 
expressed  in  Jb.  per  sq.  in. ;  the  length  of  the  stroke  in  ft. ;  and  the 
number  of  single  strokes  per  minute ;  and  dividing  the  final  product 
by  33,000. 

In  a  rotary  pump  the  water  horsepower  is  found  by  multiplying  the 
weight  of  water  discharged  per  hour  in  lb.,  as  determined  by  weir 
or  other  measurement ;  by  the  total  head  in  ft.,  as  determined  from 
the  readings  of  the  gage  on  the  force  main,  that  on  the  suction  main, 
and  the  vertical  distance  between  the  two  gages ;  and  the  product 
dividetl  by  1,080,000.' 

(b)  Duty.  The  duty  per  million  heat  units  is  found  by  dividing  the 
number  of  ft-Ib.  of  work  done  during  the  trial  by  the  total  number 
of  heat  units  consumed ;  and  multiplying  the  quotient  by  1,000,000. 
The  amount  of  work  is  found  in  the  case  of  reciprocating  piunps  by 
multiplying  the  net  area  of  the  plunger  in  sq.  in.,  the  total  head  ex- 
presscxl  in  lb.  per  sq.  in.  (which  is  made  up  of  the  pressure  shown  by 
the  gage  on  the  force  main,  that  on  the  suction  main,  and  the  vertical 
distance  between  the  centers  of  the  two  gages,  all  reduced  to  lb.),  by 
the  length  of  the  stroke  in  ft.,  and  the  total  number  of  single  strokes 
during  the  trial ;  finally  correcting  for  the  percentage  of  leakage  of 
the  pump.  In  a  rotary  pump  the  work  done  is  found  by  multi- 
plying the  weight  of  water  discharged  during  the  trial,  as  determined 
by  weir  or  other  measurement,  by  tlie  total  head  in  ft. 

The  duty  per  1000  lb.  of  dry  steam  is  found  by  dividing  the  ft-lb. 
of  work  done,  as  noted  above,  by  the  total  weight  of  dry  steam,  and 
multiplying  the  quotient  by  1000. 

(c)  Capacity.  The  capacity  in  gal.  per  24  hr.  for  reciprocating  pumps 
is  found  by  multiplying  the  net  area  of  the  plunger  by  the  length  of 
the  stroke  in  ft.,  (in  direct-connected  engines  the  average  length  of 
stroke)  ;  then  by  the  number  of  single  strokes  per  minute;  and  the 
product  of  these  three  by  the  constant  74.8 ;  finally  correcting  for 
the  percentage  of  leakage  of  the  pump. 

(d)  Leakage  of  Pump.  The  percentage  of  leakage  is  the  percentage 
borne  by  the  quantity  of  leakage  found  on  the  leakage  trial,  to 
the  quantity  of  water  discharged  on  the  duty  run  determined  from 
plunger  displacement. 

(e)  Friction.  The  percentage  of  total  friction  in  a  reciprocating  pump 
is  the  percentage  borne  by  the  friction  horsepower  to  the  indicated 
horsepower  of  the  steam  cylinders. 

(/)  Miscellaneous.  For  the  calculation  of  other  results  pertaining 
specially  to  the  performance  of  the  steam  end  of  a  reciprocating 
pump,  reference  may  be  made  to  the  Steam  Engine  Code. 

'  If  there  is  a  material  difference  in  velocity  of  the  water  at  the  points  where  the  gages  are  at- 
tached, a  correction  should  be  made  for  the  corresponding  difference  in  "velocity  head." 
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8     DATA  AND  RESULTS 


The  data  and  results  should  be  reported  in  accordance  with  the 
form  given  herewith,  adding  lines  for  data  not  provided  for,  or  omit- 
ting those  not  required,  as  may  conform  to  the  object  in  view. 

In  the  case  ot  a  pumping  engine  of  the  reciprocating  class  for 
which  a  record  of  the  complete  performance  is  desired,  the  additional 
engine  data  and  results  given  in  the  Complete  Form  of  the  Steam 
Engine  Code  may  supplement  those  here  given. 

DA'i'A  AND  RESULTS  OF  DUTY  TRL\L  OF   STEAM   PUMPING 
MACHINERY 

CODE  OF  1912 


(I)  Test    of yuuip,    located    at 

to  determiue conducted  by 

(2)  Type  of  machiuei-y 

(3)  Rated  capacity  in  gal.  per  24  hr 

(4)  Type  of  boiler 

( 5)  Type  of  auxiliaries 

(6)  Dimensions  of  engine  or  turbine 

(7)  Dimensions  of  pump 

(8)  Dimensions  of  boilers 

(9)  Dimensions  of  auxiliaries 

(10)  Dimensions   of   condenser 

(II)  Date   

(12)  Duration   hr. 

Average  Pressures  and  Tepebatubes 

(13)  Steam  pressure  at  boiler  by  gage lb.  per  sq.  in. 

(14)  Steam  pipe  pressure  near  throttle,  by  gage lb.  per  sq.  in. 

(15)  Barometric  pressure  of  atmosphere  in  in.  of  mercury in. 

(16)  Pressure  in  receiver  by  gage lb.  per  sq.  in. 

(17)  Vacuum  in  condenser  in  in.  of  mercury in. 

(18)  Pressure  in  force  main  by  gage lb. 

( 19)  Pressure  in  suction  main  by  gage lb. 

(20)  Vertical  distance  between  centers  of  two  gages ft. 

(21)  Total  head,  expressed  in  lb.  pressure lb. 

(22 )  Total   head,   expressed   in   ft ft. 

(23)  Temperature  of  main  supply  of  feedwater  to  boilers deg. 

(24)  Temperature  of  additional  supplies  of  feedwater deg. 

(25)  Temperature  of  air  in  engine  room deg. 

Total  Quantities 

(26)  Water  fed  to  boilers  from  main  source  of  supply lb. 

(27)  Water  fed  from  additional  supplies lb. 

(28)  Total  water  fed  to  boilers  from  all  sources lb. 
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(29)  Moisture  in  steam  or  superheating  near  throttle per  cent  or  deg. 

(30)  Factor  of  correction  for  quality  of  steam,  dry  steam  hping  unity 

(31)  Total  dry  steam  consumed  for  all  purposes lb. 

(32)  Total  leakage  of  plungers  and  valves gal. 

(33)  Total  number  of  gallons  of  water  discharged : 

(a)  By  plunger  displacement,  uncorrected gal. 

(6)     By  plunger  displacement,  corrected  for  leakage gal. 

(c)     By  weir  or  other  measurement  of  discharge gai. 

(34)  Total  weight  of  water  discharged: 

(o)     By  plunger  displacement,  corrected lb. 

(6)     By  measurement  of  discharge lb. 

Hourly   Quantities 

(35)  Water  fed  from  main  source  of  supply lb. 

(36)  Water  fed  from  additional  supplies lb. 

(37)  Total  water  fed  to  boilers  per  hour lb. 

(38)  Total  dry  steam  consumed  per  hour .  ^ lb. 

(39)  Loss  of  steam  and  water  per  hour  due  to  drips  from  main  steam 

pipes  and  to  leakage  of  plant lb. 

(40)  Net  dry  steam  consumed  per  hour lb. 

(41)  Dry  steam  consumed  per  hour  : 

(«)     By  main  engine  or  turbine lb. 

(b)  By  auxiliaries lb. 

(42)  Water  discharged  per  hour: 

(a)     By  plunger  displacement,  corrected lb. 

(&)     By  measurement  of  discharge lb. 

Heat  Data 

(43)  Heat  units  per  lb.  of  dry  steam  based  on  temperature,  Line  23.  .B.t.u. 

(44)  Heat  units  per  lb.  of  dry  steam  based  on  temperature.  Line  24.  .B.t.u. 

(45)  Heat  units  consumed  per  hour  based  on  main  supply  of  feed.  .B.t.u. 

(46)  Heat  units  consumed  per  hour  based  on  additional  supplies  of 

^        feed    B.t.u. 

(47)  Total  heat  units  consumed  per  hour  for  all  purposes B.t.u. 

(48)  Loss  of  heat  per  hour  due  to  leakage  of  plant,  drips,  etc B.t.u. 

(49)  Net  heat  units  consumed  per  hour B.t.u. 

(50)  Heat  units  consumed  per  hour : 

(a)  By  engine  or  turbine  alone B.t.u. 

(b)  By    auxiliaries B.t.u. 

Indicator  Diagrams 

(51 )  Mean  effective  pressure lb. 

Speed  and  Stroke 

(52)  Revolutions  i)er  minute rev. 

(53)  Number  of  single  strokes  per  minute strokes 

(54)  Average  length  of  stroke .• ft. 

Pow  h;K 
(r>rt)      Indicated  horsepower  developed: 

1st  cylinder I.h.p. 

2d    cylinder I.h.]). 

Whole  engine i.h.p. 
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(56)  Water  horsepower h.p. 

(57)  Friction  h.p.    (  Line  55 — Line  5() ) fr.  h.p. 

(58)  Percentiice  of  i.h.p.  lost  in  friction per  cent 

1>,  TV 

(59)  Duty  per  million  heat  units ft.-lb. 

(60)  Duty  per  thousand  lb.  of  steam ft.-lb. 

Work  Done  peb  Heat  Unit 
(CD     Ft.-lb.  of  work  per  B.t.n.  (Line  59  -^  1.000,000) ft.-lb. 

Capacity 

(62)  Number  of  gal.  of  water  pumped  in  24  hr. : 

(a)  By  plunger  displacement,  corrected  for  leakage gal. 

(b)  By  weir  or  other  measurement gal. 

(63)  Gallons  of  water  per  minute: 

(a)     By  plunger  di^^placemenr.  corrected  for  leakage gal. 

(ft)     By  weir  or  other  measurement gal. 

Economy  Results,  Steam  End 

(64)  Heat  units  consumed  per  i.h.p.  per  hour:' 

(ft)     By  engine  and  auxiliaries B.t.u. 

(6)     By    engine   alone B.t.u. 

(c)  By    auxiliaries B.t.u. 

(65)  Dry  steam  consumed  per  i.h.p.  per  bour : 

(a)     By  engine  and  auxiliaries lb. 

( h )     By   engine   alone lb. 

(c)     By  auxiliaries lb. 

'  The  i.h.p.  on  which  the  economy  results  are  based  is  that  of  the  main  engine  given  in  Line  54. 
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CODE  FOR  COMPLETE  PUMPING  MACHINERY 
PLANTS 
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RULES    FOR    CONDUCTING   TESTS   OF  COMPLETE 
STEAM  PUMPING  MACHINERY  PLANTS 

1     OBJECT  AND  PREPARATIONS 

This  code  applies  to  a  commercial  test  of  a  complete  steam  pump- 
ing machinery  plant,  having  for  an  object  the  determination  of  the 
fuel  cost  of  pumping  a  given  quantity  of  water  for  a  day's  run  of  24 
hours.  For  tests  of  the  component  parts  of  the  plant,  rules  may  be 
found  in  the  respective  codes  applying  thereto. 

Read  the  general  instructions  given  on  pages  1689  to  1704.  Take 
the  dimensions,  note  the  physical  conditions,  examine  for  leak- 
ages, install  the  testing  appliances,  etc.,  as  there  pointed  out  and 
prepare  for  the  test  accordingly. 

In  a  reciprocating  pump,  ascertain  the  quantity  of  water  leakage 
or  slip  past  the  plungers,  and  that  of  the  pump  valves,  if  any,  as 
pointed  out  in  Appendix  No.  32. 

2    FUEL 

Determine  the  character  of  the  fuel  to  conform  with  the  object 
in  view.  To  obtain  maximum  economy  or  capacity,  the  fuel  should 
be  some  kind  of  coal  that  is  regarded  as  a  standard,  as  noted  in  the 
Boiler  Code,  page  1715. 

3  APPARATUS  AND  INSTRUMENTS 

The  apparatus  and  instruments  required  for  a  simple  performance 
test  of  a  complete  pumping  machinery  plant  are: 

(a)     Platform  scales  for  weighing  coal  and  ashes 
(ft)     A  coal  calorimeter 

(c)  A  tachometer  or  other  speed  measuring  apparatus. 

(d)  A  pressure  gage  attached  to  the  force  main 

(e)  For  rotary  pumps,  a  weir  or  other  means  for  measuring  the  quan- 
tity of  water  pumped 

if)      Stroke  scales,  for  direct-acting  pumps. 

Directions  regarding  the  use  and  calibration  of  these  appliances 
may  be  found  on  pages  1691  to  1702. 
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If  the  -test  also  involves  the  determination  of  boiler  performance 
and  pumping  machinery  performance,  additional  apparatus  and  in- 
struments are  required,  as  pointed  out  in  the  respective  codes  refer- 
ring thereto. 

4     OPERATING  CONDITIONS 
Determine  what  the  operating  conditions  should  be  to  conform  to 
the  object  in  view,  and  see  that  they  prevail  throughout  the  trial,  as 
explained  on  page  1703,  Part  I. 

5     DURATION 

The  duration  of  a  test  of  a  complete  pumping  machinery  plant 
should  be  not  less  than  one  day  of  24  hours. 

In  cases  where  the  machinery  is  in  operation  only  a  part  of  the 
calendar  day,  the  coal  consumption  used  in  computing  the  results 
should  be  that  of  the  entire  24  hours. 

6     MISCELLANEOUS 

The  methods  of  starting  and  stopping  a  test  of  a  complete  pump- 
ing plant,  sampling  and  drying  coal,  determining  ashes  and  refuse, 
and  ascertaining  the  calorific  value  and  chemical  analysis  of  the  coal, 
are  the  same  as  those  described  in  the  Code  for  Complete  Steam 
Power  Plants,  pages  1753  and  1754. 

7     CALCULATION  OF  RESULTS 

For  the  calculation  of  water  horsepower,  duty,  capacity,  and  leak- 
age of  pump,  reference  may  be  made  to  the  explanations  given  on 
pages  1759  and  1760  of  the  Pumping  Engine  Code. 

8    RECORDS,  DATA,  AND  RESULTS 

The  records  should  be  made  as  explained  on  page  1703,  and  the 
tabular  summary  of  data  and  results  reported  in  accordance  with 
the  form  given  herewith,  adding  lines  not  provided  for,  or  omitting 
those  not  required. 
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DATA  AND  RESULTS  OF  TEST  OF  STEAM  PUMPING  MACHINERY 

PLANT 

CODE  OF  1912 

(1)  Test    of phiut    located    at 

to    determiue conducted  by 

(2)  Type  of  macliiuery 

(3)  Rated  capacity  in  gallons  per  24  his 

(4)  Type  of  boilers 

(5)  Type  of  auxiliaries   

(6)  Dimensions  of  machinery    

(7)  Dimensions  of  boilers  

(8)  Dimensions  of  auxiliaries    

(9)  Dimensions  of  condenser   

( 10)  Date     •• 

(11)  Duration    hv. 

(12)  Length  of  time  machinery  was  in  motion  with  throttle  open hr, 

(13)  Length  of  time  machinery  was  running  at  normal  speed hr. 

Average  Pressures  and  Temperatures 

(14)  Steam  pressure  at  boiler  by  gage lb.  per  sq.  in. 

(15)  Pressure  in  force  main  by  gage lb. 

(16)  Pressure  in  suction  main  by  gage in. 

(17)  Vertical  distance  between  centers  of   two  gages ft. 

(18)  Total  head  expressed  in  lb.  pressure lb. 

(19)  Total  head  expressed  in  ft ft. 

Speed  and  Stroke 

(20)  Revolutions  per   minute rev. 

(21)  Number  of  single  strokes  per  minute strokes 

(22)  Average  length  of  stroke ft. 

Total  (Quantities. 

(23)  Total  coal  as  fired lb. 

(24)  Moisture   in   coal per   cent 

(25)  Total  dry  coal   consumed lb. 

(26)  Ash    and    refuse lb. 

(27)  Percentage  of  ash  and  refuse  to  dry  coal per  cent 

(28)  Calorific  value  per  lb.  of  dry  I'oal  by  calorimeter  test H.l.u. 

(29)  Cost  of  coal  per  ton  of lb dnllars 

(30)  Total   leakage  of   plungers   and   valves gal. 

(31)  Total  number  of  gals  of  water  discharged: 

(a)  By  plunger  displacement,  uncorrected gal. 

(b)  By  plunger  displacement,  corrected  for  leakage gal. 

(c)  By  weir  or  other  measurement gal. 

Hourly  Quantities 

(32)  Dry   coal   consumed  per   hour,    based   on   duration   of   running 

period,    (Line  25-;-Line  12) lb. 
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Power 

(33)  Water     horsepower h,p. 

Economy  Results 

(34)  Diy  coal  coiisiinied  per  water  h.p.  per  hour lb. 

(35)  Cost  of  coal  per  water  h.p.  per  hour cents 

(36)  Duty  per  100  lb.  of  dry  coal 

Capacity 

(37)  Number  of  gal;  of  water  pumped  in  '24  hr. : 

(o)     By  plunger  displacement,  corrected  for  leakage gal. 

(6)     By  weir  or  other  measurement gal. 

(38)  Number  of  gal.  of  water  pumped  per  minute: 

(a)  By  plunger  displacement,  connected  for  leakage gal. 

(b)  By  weir  or  other  measurement gal. 


PART  X 
CODE  FOR  AIR  MACHINERY 


RULES  FOR  CONDUCTING  TESTS  OF  STEAM-DRIVEN 
COMPRESSORS,  BLOWERS  AND  FANS  ^ 

1  OBJECT  AND  PREPARATIONS 

2  APPARATUS  AND  INSTRUMENTS 

3  OPERATING  CONDITIONS 

4  DURATION 

5  STARTING  AND  STOPPING 

6  RECORDS 

The  directions  pertaining  to  the  above  divisions  of  the  subject  are 
almost  identical  with  those  given  in  the  Pumping  Machinery  Code 
under  the  same  headings,  the  only  difference  being  that  the  work 
done  by  the  steam  end  is  expended  in  moving  a  volume  of  air,  in- 
stead of  a  body  of  water. 

The  quantity  of  air  discharged  should  be  measured  by  a  gasometer, 
or  by  delivery  into  tanks  of  kno^vn  capacity.  Where  these  means 
are^not  available  the  pitot  tube  should  be  used,  as  described  in  Ap- 
pendix No.  6,  or  some  other  means  should  l)e  employed  which  is  sub- 
ject to  calibration. 

If  the  air  end  is  of  the  reciprocating  type,  indicator  diagrams 
should  be  regularly  taken  from  this  end  as  well  as  from  the  steam  end. 

7     CALCULATION  OF  RESULTS 

The  rules  pertaining  to  dry  steam,  heat  consumption,  and  indicated 
horsepower  of  the  steam  end,  are  identically  the  same  as  those  given 
on^pages  1735  and  1736  of  the  Steam  Engine  Code,  and  reference  may 
be  made  to  that  code  for  the  necessary  directions  in  these  particulars. 

(a)  Air  Horseponer.  The  gross  work  done  at  the  air  end  of  a  recipro- 
cating machine,  expressed  in  horsepower,  is  found  by  multiplying  to- 
gether the  net  area  of  the  air  piston  in  sq.  in.,  the  mean  effective  air 
pressure  in  lb.  per  sq.  in.  as  determined  from  indicator  diagrams,  the 

'  In  the  case  of  air  machinery  driven  by  some  other  prime  mover  than  a  steam  engine  or  tur- 
bine, the  code  may  be  modified  to  meet  the  particular  requirements. 
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length  of  the  stroke  in  ft.,  and  the  number  of  single  strokes  per  min- 
ute ;  and  dividing  their  product  by  33.000. 

The  net  work  at  the  air  end  of  either  reciprocating  or  rotary 
machines,  expressed  in  ft-lb.  ])vv  minute,  is  found  by  multiplying  the 
corrected  volume  of  the  comjiressed  air  in  cu.  ft.  discharged  into  the 
main  delivery  pipe  per  minute,  by  the  impact  or  total  pressure  in  lb. 
per  sq.  ft.  and  by  the  hyperbolic  logarithm  of  the  ratio  of  the  total 
pressure  to  the  atmospheric  pressure  (all  pressures  being  absolute 
pressures).  The  net  air  horsepower  is  found  by  dividing  the  prod 
uct  by  33.000.  The  corrected  volume  of  the  compressed  air  may  be 
found  liy  multiplying  the  sectional  area  of  the  delivery  main  in  sq.  ft. 
by  the  mean  velocity  in  ft.  per  minute  as  determined  by  iiitot  tube 
or  other  measurement,  and  reducing  the  result  to  atmospheric  tem- 
perature by  multiplying  by  the  proportion. 
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in  which  t  is  the  temperature  of  the  air  supplied  to  the  machine  and 
T  the  temperature  of  the  air  in  the  delivery  main. 

(6)  Capacity.  The  capacity  is  the  number  of  cu.  ft.  of  air  discharged 
through  the  delivery  main  ])er  minute,  as  determined  by  gasometer, 
tank  or  other  mode  of  measurement,  reduced  to  the  equivalent  free 
air  at  the  atmospheric  temperature  and  pressure.     The  correction 

p 
for    pressure    is    made    bv    multiplving    1iv    the    proportion  —,    in 

Pi 
\vliich  /-"i  is  the  atmospheric  pressure  and  P.,  the  total  pressure  in 

the  main    (absolute  pressures),  and  the  correction  for  temperature 
as  above. 

The  capacity  may  also  be  expressed  in  the  number  of  cu.  ft.  of 
compressed  air  dischar;j;ed  per  minute  at  a  given  pressure  above  the 
atmosplaere  reduced  to  the  atmospheric  tempei'ature. 

(c)  Miscellaneous.  For  methods  of  calculating  results  pertaining  espe- 
cially to  the  performance  of  the  steam-end  of  a  reciprocating  air 
pumping  machine,  reference  may  be  made  to  the  Steam  Engine  Code, 
pages  173.J,  ]73(),  and  1737. 

The  "  efficiency  of  compression "  in  a  reciprocating  machine  is 
determined  by  first  ascertaining  the  net  work  at  the  air  end  given 
above  under  tlie  heading.  '"  (a)  Air  Horsepower,"  and  then  dividing 
the  net  work  thus  found  l>y  the  gross  work  given  under  the  same 
heading. 

The  "  mechanical  ethciency  "  of  a  reciprocating  machine  is  deter- 
mined by  dividing  the  gross  air  horsepower  at  the*  air  end  by  the  in- 
dicated horsepower  at  the  steam  end.  or  by  the  horsepower  delivered 
by  the  belt  or  motor  in  the  case  of  other  means  of  driving. 

8     DATA  AND  RESULTS 

The  data  and  results  should  be  reported  in  accordance  with  the 
form  given  herewith,  adding  lines  for  data  not  provided  for  and 
omitting  those  not  required,  as  may  conform  with  the  object  in  view. 
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111  the  ease  of  an  air-pumping  machine  of  the  reciprocating  class 
for  which  a  record  of  the  (;omplete  performance  is  desired,  the  addi- 
tional engine  data  and  results  given  in  the  Complete  Form  of  the 
Steam  Engine  Code  may  supplement  those  here  given: 

DATA  AND  RESILTS  OF  TEST  OF  AIR  MACHINERY 
CODE  OF  1912 


(1)  Test    of located    at 

to  determine conducted   by 

(2)  Type  of  machinery 

(3)  Rated  capacity  in  cu.  ft.  of  free  air  per  minute 

(4)  Rated  capacity  in  cu.  ft.  of  air  dlscliai'ged  per  minute  at  100  11>. 

per  sq.  in.  above  atmospliere,  reduced  to  tlie  atniosplieric  tem- 
perature   cii.  ft. 

(5)  Type  of  boilers  

(6)  Type  of  auxiliaries   

(7)  Dimensions  of  engine  or  turbine  at  steam  end 

(8)  Dimensions  of  cylinders  or  blowers  at  air  end 

(9)  Dimensions  of  boilers    „ 

(10)  Dimensions  of  auxiliaries    •  • 

(11)  Dimensions  of  condenser  

(12)  Date    

(13)  Duration    hr. 


Average  Pkessures  and  Temperatures 

(14)  Steam  pressure  at  boiler  by  gage lb.  per  sq.  in. 

(15)  Steam  pipe  pressure  near  throttle,  by  gage lb.  per  sq.  in. 

(16)  Barometric  pressure  of  atmosphere  in  in.  of  mercury in. 

(17)  Pressure   in    receiver    by   gage lb.  per  sq.  in. 

(IS)  Vacuum  in  condenser  in  in.  of  mercury in. 

(19)  Pressure  in  delivery  main  by  gage  (impact  pressure) lb. 

(20)  Total  head,  expressed  in  ft ft. 

(21)  Temperature  of  main  supply  of  feedwater  to  boilers deg. 

(22)  Temperature  of  additional  supplies  of  feedwater deg. 

(23)  Temperature  of  air  in  engine  room  or  air  supplied  to  machine,  .deg. 

(24)  Temperature  by  wet-bulb  thermometer deg. 

(25)  Temperature   of   air   in   delivery   main deg. 

Total  Quantities 

(26)  Water  fed  to  boilers  from  main  source  of  su])ply lb. 

(27)  Water  fed  from  additional  supplies lb. 

(28)  Total  water  fed  to  boilers  from  all  sources lb. 

(29)  Moisture  in  steam  or  superheating  near  throttle.  . .  .per  cent  or  deg. 

(30)  Factor  of  correction  for  quality  of  steam,  dry  steam  being  unity. . . 

(31)  Total  dry  steam  ccmsumed  for  all  purposes lb. 

(32)  Total  cu.  ft.  of  compressed  air  delivered  ;is  measured cu.  ft. 
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(33)  Total  fu.  ft.  of  compressed  air  delivered  i-ednced  to  atmospheric 

temperature   and    pressure ll>- 

(34)  Total    weight    of  air   delivi'red lb. 

Hourly  Quantities 

(35)  Water  fed  from  main  source  of  supply lb. 

(36)  Water  fed  from  additional  supplies lb. 

(37)  Total  water  fed  to  boilers  per  hour lb. 

(38)  Total  dry  steam  consumed  per  hour lb. 

(39)  Loss  of  steam  aud  water  per  hour  due  to  drips  from  main  steam 

pipes  and  to  leakage  of  plant lb. 

(40)  Net  dry  steam  consumed  per  hour lb. 

(41)  Dry  steam  consumed  per  hour: 

(a)  By  main  engine  or  turbine lb. 

(b)  By  auxiliaries lb. 

(42)  Cu.  ft.  of  compressed  air  delivered  per  hour  as  measured cu.  ft. 

(43)  Cu.  ft.  of  compressed  air  delivered  per  hour  reduced  to  atmo- 

spheric   temperature cu.  f t. 

(44)  Cu.  ft.  of  compressed  air  delivered  per  hour  reduced  to  atmospheric 

temperature  and  pressure cu.  ft. 

(45)  Weight  of  air  delivered  per  hour lb. 

Heat  Data 

(46)  Heat  units  per  lb.  of  dry  steam  based^on  temperature  Line  21.  .B.t.u. 

(47)  Heat  units  per  lb.  of  dry  steam  based  on  temperature  Line  22.  .B.t.u. 

(48)  Heat  units  consumed  per  hour  based  on  main  supply  of  feed. .  .B.t.u. 

(49)  Heat  units  consumed  per  hour  based  on  additional  supplies  of 

feed    B.t.u. 

(50)  Total  heat  units  consumed  per  hour  for  all  purposes B.t.u. 

(51)  Loss  of  heat  per  hour  due  to  leakage  of  plant,  drips,  etc. ..  .B.t.u. 

(52)  Net  heat  units  consumed  per  hour B.t.u. 

(53)  Heat  units  consumed  per  hour : 

(a)     By  engine  or  turbine  alone B.t.u. 

(6)     By  auxiliaries B.t.u. 

Indicator  Diagrams 

(54)  Mean  effective  pressure  in  steam  cylinders lb. 

(55)  Mean  effective  pressure  in  air  cylinders lb. 

Speed  and  Stroke 

(56)  Revolutions   per   minute rev. 

(57)  Number  of  single  strokes  per  minute strokes 

Power 

(58)  Indicated  horsepower  developed  at  steam  end  of  reciprocating 

machine    i.h.p. 

(59)  Gross  air  horsepower  as  indicated  in  air  cylinders  of  reciprocat- 

ing machine  air  h.p. 

(60)  Net  air  horsepower  as  computed  from   Line  43 air  h.p. 

(61)  Friction  of  x-eciprdcating  machine   (Line  58  —  Line  .'i9)  .  .  .  .fr.  h.p. 

(62)  Percentage  of  i.h.p.   lost  in    friction   of  machine per   cent 
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Economy  Results,  Steam  End  of  Engine-Dbiven  Machines 

(63)  Heat  uuits  consumed  per  i.h.p.  per  linur : 

(a)     By  engine  and  auxiliaries B.t.u. 

(6)     By   engine  alone B.t.u. 

(c)     By  auxiliaries  B.tu. 

(64)  Dry  steam  consumed  per  i.h.p.  per  hour' : 

(a)     By  engine  and  auxiliaries lb. 

(h)     By  engine  alone lb. 

(c)     By  auxiliaries  lb. 

Economy  Results,  Air  Delivered 
((i5)     Heat  uuits  consumed  per  liour  per  net  air  h.p.  of  Line  (10: 

(a)     By  engine  or  turbine  and  auxiliaries B.t.u. 

(&)     By  engine  or  turbine  alone B.t.u. 

(c)     By    auxiliaries B.t.u. 

(tUj)     Dry  steam  consumed  per  hour  per  net  h.]).  of  Line  GO: 

(a)     By  engine  or  turbine  and  auxiliaries lb. 

(6)     By  engine  or  turbine  alone lb. 

(c)     By  auxiliaries  lb. 

Efficiency  Results 
(67)     Thermal  efficiency  ratio  for  engine  alone: 

(a)     Per  i.h.p.,  steam  end  (2545  -h  Line  G3h) per  cent 

(h)     Per  net  air  h.p..  air  delivery  (2545  h-  Line  G5?>)  . . .  .per  cent 

Work  Done  per  Heat  Unit 

(65)  Ft.-lb.  of  net  work  per  B.t.u.  consumed  ))y  engine  or  turbine  and 

auxiliaries    (1,980,000  -h   Line  G5a) ft-lb. 

Capacity 

(69)  Cu.  ft.  of  compressed  air  delivered  per  minute  as  measured.  .  .  .cu.  ft. 

(70)  Cu.  ft.. of  compressed  air  delivered  per  minute,  reduced  to  atmo- 

spheric   temperature cu.  f  t. 

(71)  Cu.  ft.  of  compressed  air  delivered  per  minute  at  100  lb.  pres- 

sure, reduced  to  atmospheric  temperature cu.  f t. 

(72)  Cu.  ft.  of  compressed  air  delivered  per  minute  reduced  to  atmo- 

si)heric  temperature  and  pressure  (free  air) cu.  ft. 

Miscellaneous  Results 
Steam  Driven  Reciprocating  Machine 

(73)  Efficiency  of  compression  (Line  60  ^  Line  59  x  100) per  cent 

(74)  Mechanical  efficiency  of  machine  (Line  59  -f-  Line  58  x  100)  .per  cent 

(75)  Volumetric  efficiency  (Line  72  -^  1st  Compr.  Displ.  x  100)  . .  .per  cent 

'  The  i.h.p.  on  which  these  economy  results  are  based  is  that  of  the  main  engine  given  in  Line  58. 

Note:  In  the  case  of  air  compressors  having  more  than  one  stage  and  in  those  having  inter- 
coolers,  additional  dat  should  be  given  covering  pressures  and  temperatures  in  the  different 
stages,  the  quantity  of  water  used  for  cooling  and  temperatures  of  the  air  and  water  entering  and 
leaving  the  cooler. 
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RULES  FOR  CONDUCTING  TESTS  OF  LOCOMOTIVES 

CODE  FOR  SHOP  TESTS 

1  INTRODUCTION 

Locomotive  tests  are  of  two  leading  kinds,  shoj:)  tests  and  road 
tests.  The  former  are  made  under  conditions  cjuite  similar  to  those 
of  a  stationary  testing  plant  in  which  the  power  is  absorbed  by  a 
l)rake.  The  latter  are  made  under  conditions  of  service  on  the  road, 
the  locomotive  hauling  a  train  of  cars.  Being  a  complete  steam 
plant  in  itself,  embracing  boiler,  engine,  and  certain  auxiliaries,  a 
locomotiv(>  equipped  for  a  shop  test  should  be  considered  in  the 
same  class  as  a  stationary  plant,  and  the  code  of  rules  for  such  tests 
are  therefore  similar  to  those  given  in  Part  VII. 

2     OBJECT  AND  PREPARATIONS 

The  leading  object  of  a  shop  test,  so  far  as  covered  by  this  code, 
is  the  determination  of  the  coal  and  steam  consumption  per  unit  of 
power  when  the  locomotive  is  operated  under  fixed  conditions. 
There  are  other  less  prominent  objects,  such  as  a  determination  of 
the  performance  of  the  engine  alone  under  different  conditions,  or  of 
the  boiler  running  under  various  rates  of  combustion,  but  tests  hav- 
ing these  objects  are  substantially  covered  by  the  Boiler  and  Engine 
Codes  of  Parts  IV  and  V,  to  which  reference  may  be  made. 

Note  the  general  instructions  given  on  pages  1689  to  1714  so  far  as 
they  pertain  to  the  work  in  hand.  Take  the  dimensions,  note  the 
physical  conditions,  examine  for  leakages,  install  the  testing  appli- 
ances, etc.,  as  there  pointed  out,  and  make  preparations  for  the  test 
accordingly. 

It  is  assumed  that  a  testing  plant  is  available  where  the  driving 
wheels  can  be  mounted  upon  friction  brake  apparatus  for  suitably 
disposing  of  and  measuring  the  power  given  off,  as  further  explained 
in  Appendix  No.  33. 
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3     FUEL  1 

Select  the  fuel  required  in  accordance  with  the  special  object  in 
view.  If  maximum  efficiency  or  capacity  is  desired  the  fuel  should 
be  some  kind  of  coal  that  is  regarded  as  a  standard  for  the  locality 
where  the  test  is  made,  as  noted  in  the  Boiler  Code,  page  1715. 

4     APPARATUS  AND  INSTRUMENTS 

The  apparatus  and  instruments  required  for  a  shop  test  of  a  loco- 
motive are 

(o)     Platform  scales  for  weighing  coal  and  ashes 

(b)  A  coal  calorimeter 

(c)  Tanks  ;ui<l  scales  for  weiijhing  water    (or  water  meters  calibrate*! 
in  place) 

(f/)  A  graduated  scale  attached  to  the  water  glass 

(e)  Pressure  gages,  draft  gages,  and  thermometers 

(/)  A  steam  calorimeter 

ig)  Steam  engine  indicators 

(7()  A  planimeter 

(i)  A  tachometer  or  other  speed-measuting  apparatus 

(/)  Friction  brake  apparatus  for  absorbing  and  measuring  the  power 

given  off 

( /,-»  A  dynaniomerer  for  determining  the  jmll  on  the  drawbar 

Directions  regarding  their  use  and  calibration  are  given  on  pages 
1691  to  1702,  page  1713,  and  Appendix  No.  34. 

5     OPERATING  CONDITIONS 

Determine  what  the  operating  conditions  and  method  of  firing 
should  be  as  explained  on  page  1703  and  see  that  they  prevail 
throughout  the  trial. 

6     DURATION 

The  duration  of  a  simple  shop  test  of  a  locomotive  depends  some- 
what upon  the  rate  of  combustion,  but  it  should  not  be  less  than  two 
hours.  In  any  case  it  should  continue  until  at  least  250  lb.  of  coal 
have  been  burned  on  each  square  foot  of  grate. 

On  account  of  h ability  of  error  in  estimating  the  difference  in  the 
amount  of  coal  in  the  furnace  at  beginning  and  end,  the  results  of  a 
single  test  should  not  be  relied  upon,  but  repeated  tests  should  be 
made  under  the  required  conditions  and  the  results  averaged. 

'  See  Section  14,  Page  1781,  for  memoranda  relating  to  oil  fuel. 
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7     SI^ARTING  AND  STOPPING 

Set  the  engine  to  work  with  a  comparatively  light  load  at  the 
normal  speed.  Burn  the  fire  down  as  low  as  practicable  and  clean 
it  of  ashes  and  clinkers  by  rocking  the  grate,  afterwards  hauling  the 
ash-pan.  Note  the  average  thickness  of  the  firebed,  quickly  observe 
the  steam  pressure,  water  level,  and  time,  and  record  the  latter  as 
the  starting  time.  Immediately  fire  with  weighed  coal  and  increase 
the  load  as  fast  as  may  be  to  the  working  point,  meanwhile  establish- 
ing the  furnace  conditions  determined  on.  Then  proceed  with  the 
regular  work  of  the  test. 

When  the  end  of  the  test  approaches,  again  burn  down  and  clean 
the  fire,  meanwhile  reducing  the  load  as  may  be  needed  to  prevent 
undue  force  of  draft.  As  soon  as  the  firebed  reaches  the  condition 
observed  at  the  start,  immediately  take  the  steam  pressure,  water 
level,  and  time,  and  record  the  latter  as  the  stopping  time.  Finally 
haul  the  ashes  and  refuse  from  the  ash-pan  and  remove  the  cinders 
from  the  smoke-box.  If  the  firebed  or  water  level  at  the  end  differs 
from  that  observed  at  the  beginning,  a  correction  is  applied  accord- 
ingly. 

8    RECORDS 

The  general  data  should  be  recorded  as  pointed  out  in  Part  I, 
page  1703.  Readings  of  the  instruments  concerned  and  a  set  of  in- 
dicator diagrams  should  be  obtained  every  ten  minutes.  A  suitable 
number  of  additional  diagrams  should  be  taken  during  the  opera- 
tions of  starting  and  stopping  to  obtain  the  average  load  for  these 
short  periods.  Directions  on  the  subject  of  indicating  may  be  found 
on  pages  1699  and  1736  and  in  Appendix  No.  18. 

9     SAMPLING  AND  DRYING  COAL 

During  the  progress  of  the  trial  the  coal  should  be  regularly  sam- 
pled and  its  moisture  determined  in  the  manner  pointed  out  on 
page  1712. 

10     ASHES  AND  REFUSE 

The  ashes  and  refuse  withdrawn  from  the  ash-pan  and  smoke-box 
should  be  weighed  in  a  dry  state,  and  sampl  s  should  be  taken  and 
analyzed  if  desired  for  unburned  carbon. 

11     CALORIFIC  TESTS  OF  COAL 
The  quality  of  the  coal  should  be  determined  by  a  calorimeter 
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test  of  the  sample  above  referred  to.    Methods  of  making  this  test 
are  described  on  page  1698  and  in  Appendix  No.  12. 

12     CALCULATION  OF  RESULTS 

For  methods  of  calculating  the  results,  reference  may  be  made  to 
page  1722  of  the  Boiler  Code  and  page  1735  of  the  Engine  Code. 

13     DATA  AND  RESULTS 

The  data  and  results  should  be  reported  in  accordance  with  the 
form  given  herewith,  adding  lines  for  data  not  provided  for,  or 
omitting  those  not  required,  as  may  conform  to  the  object. 

14    TESTS  WITH  OIL  FUEL 

When  oil  fuel  is  used  the  rules  governing  the  tests  may  be  modified 
to  conform  to  the  characteristics  of  liquid  fuel.  The  "flying"  method 
of  starting  and  stopping  may  be  employed,  and  the  duration  reduced. 

TABLE    1     DATA   AND    RESULTS    OF    SHOP-TEST 
CODE  OF  1912 


( 1 )  Test  of locomotive  at '. 

to  determine conducted  by 

(2)  Type  of  locomotive 

(.3)     Type  of  auxiliaries 

( 4 )  Dimensions   of  cylinder 

(5)  Dimensions  of  boiler: 

( 0 )     Grate  surface 

(  h )     Water-heating   surface 

(c )      Superheating  surface 

(  H)     Dimensions  of  auxiliaries 

(  7)     Diameter  of  exhaust  noj:zles 

(8)  Date   

(9)  Duration    hr. 


Average  Pressures  and  Temperatures 

(10)  Steam  pressure  in  boiler  by  gage ' lb. 

(11)  Steam  chest  pressure lb. 

( 12 )  Temperature  of  feedwater deg. 

(13)  Temperature  of  smoke-box deg. 

(14)  Force  of  draft  in  smoke-box in. 

(15)  Force  of  draft  in  furnace in. 
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Total  (Quantities 

(16)  Total  coal  as  fired lb. 

(17)  Moisture  iu  coal per  cent 

(18)  Total  dry  coal lb. 

(19)  Ash,  cinders,  and  refuse ; 

(a)     From   asb-pan lb. 

( 6 )     From  smoke-box : lb. 

(c)     Total    lb. 

(20)  Percentage  of  ash,  cinders,  and  refuse  to  dry  coal per  cent 

(21)  Percentage  of  ash  by  analysis per  cent 

(22)  Total  combustible  consumed  (Line  IS — Line  19) lb. 

(23)  ("aloriflc  value  per  lb.  of  dry  coal  by  calorimeter  test B.t.u. 

(24)  Total  weight  of  water  fed lb. 

(25)  Percentage  of  moisture  in  steam  or  ninnber  of  degrees  of  super- 

heal  i  iiii   per  cent  or  deg. 

(26)  Total  water  evaporated  corrected  for  moisture  or  superheat  in 

steam    11). 

(27)  Total  equivalent  evaporation  from  and  at  2J2  deg 11). 

Hoi'RLY  Quantities 

(28)  Dry  coal  per  hour 11). 

(29)  Dry  coal  per  hour  per  sq.  ft.  of  grate lb. 

(30)  Water  evaporated  per  hour Ih. 

(31)  Equivalent  evaporation  per  hour  from  and  at  212  deg lb. 

(32)  Equivalent  evaporation  per  hour  from  and  at  212  deg.  per  s(|.  ft. 

of  water  heating  surface lb. 

Indicator  Diagbaxis 

(33)  Mean  effective  i)ressure  in  lb.  per  sq.  in.  : 

( a )     First  cylinder 

{  h  )      Second  cylinder 

(34)  Back  pressure  at  mid-stroke: 

( a )     First  cylinder 

( 7»)     Second  cylinder 

Speed 

(35)  Revolutions  per  minute rev. 

(36)  Corresponding  miles  per  hour miles 

Power 

(37)  Indicated  horsepower: 

(a)     First  cylinder i.h.p. 

(7j)     Second  cylinder i.h.p. 

(o)     Whole  engine i.h.p. 

(38)  Pull  on  drawbar lb 

(39)  Dynamometer  horse] lower dyn.h.p. 

(40)  Brake  horsepower br.h.p. 

Economy  Results 

(41)  Dry  coal  per  i.h.p.  per  hour lb. 

(42)  Dry  coal  per  dynamometer  h.p lb. 
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(4^1)      Dry  stoani  per  i.h.ij.  pci-  hour lb. 

(44)  Dry  steam  per  dynamometer  h.p.  hour lb. 

Boiler   Perform  a  nck 

(45)  Water  evaporated  jier  lb.  of  dry  coal lb. 

(46)  Equivalent  evaporation  from  and  at  212  deg.  per  lb.  of  dry  coal. . .  .lb. 

(47)  Equivalent  evaporation  from  and  at  212  deg.  per  lb.  of  combus- 

tible     lb. 

(48)  Efficiency  of  boiler,  funi.ict"  and  ?j:rnlc I>er  cent 


CODE  FOR  ROAD  TESTS 

1  OBJECT  AND  PREPARATIONS 

The  leading  object  of  a  road  test  as  covered  by  this  code  is  the 
determination  of  the  coal  and  steam  consumption  of  a  locomotive 
per  unit  of  power  under  the  practical  conditions  of  railroad  service. 
The  preparations  for  a  road  test  are  the  same  as  those  noted  for  the 
shop  test,  except  for  restrictions  imposed  by  the  regular  operation 
of  the  locomotive,  and  in  addition  those  required  for  data  to  be 
obtained  on  the  road.     See  Appendix  No.  34. 

It  is  assumed  that  a  dynamometer  car  is  available  for  registering 
the  amount  of  pull  on  the  drawbar,  in  the  manner  referred  to  in 
Appendix  No.  20. 

To  facilitate  the  work  of  the  men  who  operate  the  indicators  and 
read  the  instruments  at  the  front  end  of  the  locomotive,  as  also  to 
protect  them  from  wind  and  rain  and  jolting  of  the  locomotive,  the 
smoke-box  should  be  surrounded  with  a  suitable  housing  or  pilot- 
box  extending  back  to  the  cylinders. 

2    FUEL 1 

Select  the  fuel  required  in  accordance  with  the  special  object  in 
view.  If  maximum  efficiency  or  capacity  is  desired,  the  fuel  should 
be  some  kind  of  coal  that  is  regarded  as  a  standard  for  the  locality 
where  the  test  is  made,  as  noted  in  the  Boiler  Code,  page  1715 

3     APPARATUS  AND  INSTRUMENTS 

The  apparatus  and  instruments  required  for  a  road  test  of  a  loco- 
motive are: 

^  See  Section  14,  Page  1781,  in  Code  for  Shop  Tests  for  memoranda  relating 
to  oil  fuel. 
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(a)  Platform  scales  for  weighing  coal  aud  ashes  located  at  the  ter- 
minals, the  coal  being  weighed  preferably  into  sacks  duly  marked 

(b)  A  coal  calorimeter 

(c)  A  water  meter  suitably  calibrated  for  measuring  the  feedwater 
consumption 

(d)  A  graduated  scale  attached  to  the  water  glass,  and  one  or  more 
water  glasses  with  suitable  scales  attached  to  the  water  tank  of  the 
tender 

(e)  Suitable  levels  or  plumb-lines  to  show  the  inclination  of  the  boiler 
and  tender 

if)  Pressure  gages,  draft  gages,  and  thermometers 

{g)  A  steam  calorimeter 

(h)  Steam  engine  indicators 

(i)  A  planimeter 

(;■)  A  tachometer  or  other  speed-measuring  apparatus 

(fc)  A  dynamometer  car  for  determining  the  pull  on  the  drawbar 

Directions  for  their  use  and  calibration  are  given  on  pages  1691  to 
1702,  pages  1713  and  1714,  and  in  Appendix  No.  34. 

The  steam  used  for  auxihary  purposes  other  than  the  main  engine, 
embracing  air  pump,  blower,  calorimeter,  whistle,  that  escaping  at 
the  safety  valve,  etc.,  may  be  estimated  from  data  obtained  by  testing 
them  one  by  one  either  before  or  after  the  main  trial,  using  the 
water-glass  method  described  in  Appendix  No.  3. 

4    OPERATING  CONDITIONS 

In  a  road  test  the  operating  conditions  are  those  pertaining  to  the 
regular  service  on  the  railroad,  embracing  principally  the  usual  stops 
at  stations,  the  usual  speeds,  and  other  conditions  required  for 
making  schedule  time,  including  those  pertaining  to  the  methods  of 
firing,  manipulation  of  the  throttle  valve,  reverse  lever,  etc.  If  it  is 
desired  to  make  the  test  under  other  conditions,  these  should  all  be 
determined  and  maintained  accordingly. 

5     DURATION 

The  duration  of  a  road  test  depends  upon  the  length  of  the  route 
between  terminals.  In  fast  passenger  service  the  route  should,  if 
practicable,  be  at  least  100  miles  long.  In  service  requiring  frequent 
stops  and  in  freight  service  the  distance  may  be  much  shorter. 

The  length  of  time  upon  which  the  hourly  rates  of  combustion  and 
evaporation  are  based  is  the  total  time  that  the  throttle  valve  is 
open,  and  not  the  elapsed  time  between  the  so-called  starting  and 
stopping  times. 


LOCOMOTIVE    CODES        *  1785 

6     STARTING  AND  STOPPING 

The  fire  having  been  thoroughly  cleaned  and  the  ashes  and  refuse 
removed  from  the  ash-pan  and  smoke-box,  burn  down  the  fire  as  low 
as  practicable  just  before  the  locomotive  leaves  the  round  house, 
note  its  average  thickness,  the  steam  pressure,  the  water  levels,  the 
reading  of  the  meter,  and  the  time,  and  consider  the  latter  the  start- 
ing time.  Thereafter  cover  the  fire  with  weighed  coal  and  proceed 
with  the  regular  work  of  the  test.  The  water  data  should  be  taken 
just  before  the  train  starts. 

As  the  end  of  the  route  is  approached,  let  the  fire  burn  down  to 
such  an  extent  as  to  leave,  as  nearly  as  practicable,  after  cleaning, 
the  same  amount  of  live  coal  on  the  grate  as  that  observed  at  the 
start.  On  reaching  the  terminal  take  the  pressure,  the  water  levels, 
the  meter  reading,  and  the  time,  and  consider  the  latter  the  stopping 
time.  Then  clean  the  fire,  and  if  its  thickness  differs  from  that  ob- 
served at  the  start,  make  a  correction  in  the  weight  of  coal  fired 
accordingly.  Likewise,  correct  for  any  difference  in  the  water  levels. 
Finally  haul  the  ashes  and  refuse  from  the  ash-pan  and  remove  the 
cinders  and  ash  from  the  smoke-box. 

7    RECORDS 

The  data  should  be  recorded  in  the  general  manner  pointed  out 
on  page  1703,  bearing  in  mind  the  extremely  fluctuating  character  of 
the  load  which  often  obtains,  and  the  great  variations  in  the  class  of 
service,  whether  passenger  or  freight.  Readings  of  the  instruments 
concerned,  so  far  as  they  can  be  observed  when  the  locomotive  and 
train  are  in  motion,  should  be  taken  every  five  minutes.  Indicator 
diagrams  should  be  obtained  one  after  another  as  fast  as  possible, 
say  a  set  every  two  minutes;  and  at  the  same  time  the  corresponding 
pressure,  position  of  throttle  valve  and  reverse  lever,  speed,  and 
force  of  draft  should  be  observed.  The  intervals  of  time  here  given 
may  be  lengthened  when  the  service  is  such  that  the  conditions  are 
substantially  uniform.  Special  readings  of  the  meter,  water  levels 
and  total  number  of  sacks  of  coal  fired  should  be  taken  at  each 
stopping  place.  Careful  observations  should  be  made  throughout 
the  trial  of  the  time  of  passing  each  mile-post,  the  time  that  the 
throttle  valve  is  opened  and  closed,  not  only  at  each  stop  but  also 
when  it  is  necessary  to  shut  off  steam  on  down  grades,  and  the  time 
of  arriving  and  leaving  each  station;  also  the  length  of  time  the 
safety  valve,  whistle,  blower,  train  heating  system,  lighting  system 
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and  other  steam  using  apparatus  are  in  operation.  A'  record 
should  be  taken  of  the  water  levels  before  and  after  scooping  water 
from  track  tanks  the  injector  being  stopped,  and  of  the  number  of 
injector  applications  and  water  wasted. 

S     SAMPLING  AND  DRYING  COAL 

While  the  coal  is  being  weighed  into  the  sacks,  or  otherwise  weighed , 
it  should  be  systematically  sampled  and  its  moisture  determined  in 
the  manner  pointed  out  on  page  1712. 

9     ASHES  AND  REFUSE 

The  ashes  and  refuse  taken  from  the  ash-pan  and  smoke-box  at  the 
close  of  the  test  should  be  weighed  in  a  dry  state,  and  a  sample 
jmalyzed  if  desired  for  unburned  carbon. 

10     CALORIFIC  TESTS  OF  COAL 

The  quality  of  the  coal  should  be  determined  by  a  calorimeter  test 
of  the  sample  above  referred  to.  Methods  of  making  this  test  are 
described  on  page  1698  and  in  Appendix  No.  12. 

11     CALCULATION  OF  RESULTS 

For  methods  of  calculating  the  principal  results,  reference  may  be 
made  to  page  1722  of  the  Boiler  Code  and  page  1735  of  the  Engine 
Code. 

To  determine  the  average  drawbar  pull,  the  dynamometer  record 
should  be  averaged  either  by  the  use  of  a  planimeter  or  by  direct 
measurement  at  a  sufficient  number  of  points  to  give  an  equivalent 
result. 

The  maximum  pull  should  be  measured  at  the  point  of  the  record 
which  shows  the  highest  sustained  pull,  and  not  at  the  highest 
point  which  happens  to  be  reached  by  the  momentary  fling  of  the 
marking  pen. 

12     DATA  AND  RESULTS 

The  data  and  results  should  be  reported  in  accordance  with  the 
form  given  herewith,  adding  lines  for  data  not  provided  for,  or  omit- 
ting those  not  required,  as  may  conform  to  the  object: 
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TABI.K  2     L>AT.\  AND  RESULTS  OF  ROAD-TEST 

CODE  OF   1932 

( 1 )  Test  of locomotive  ou 

to    detenuiiie conducted  by 

(2)  Type  of  loconiotivt" ' 

(3)  Type  of  auxiliaries 

(4)  l)iiiiension!s   of   cylinders 

(5)  Diiuensions  of  boiler: 

{II )     Grate  surface 

(b)  Water  lieatiug  surface 

(c)  Superheating  surface 

(ti)     Diiuensious  of  auxiliaries 

(7)  Diameter  of  exhaust  noz/les 

(8)  Weight  of  locomotive  and  tender,  including  water tons 

(U)      .Number  of  cars,  including  dynamometer  car 

(,10)  Weight  of  cars,  including  dynamometer  car tons 

( 11 )  I^ength  of  route miles 

(12)  Train  load  expressed  in  ton-miles ton-miles 

(13)  Total  load  expressed  in  ton-miles ton-miles 

(14)  Schedule  time  between  terminals hr. 

(15)  Name  of  engiueman 

(16)  Name  of  fireman   

( 17)  Date 

(18)  Duration   (elapsed  time  between  starting  and  stopping  times.... hr. 

(19)  Actual  elapsed  time  between  terminals lir. 

(20)  Length  of  time  throttle  valve  is  open hr. 

( 21 )  Number  of  stops 

(22)  Time  consumed  in  stops hr. 

(23)  Running  time  (Line  19  —  Line  22) hr. 

Average  Pkessures,  Temperatfres,  etc. 

(24)  Steam  pressure  in  boiler  Iiy  gage lb. 

(25 )  Steam  chest  pressure lb. 

(26) '    Temperature  of  feedwater deg. 

(27)  Temperature  of  smoke-box deg. 

(28)  Force  of  draft  in  smoke-box in. 

(29)  Force  of  draft  in  furnace in. 

(30)  Weather,  wind,  etc 

(31)  Average  position  of  throttle 

(32)  Average  position  of  reversing  lever 

(33)  Average  number  of  strokes  of  air  i)ump  per  minute 

Total  Qitantities 

(34)  Total  coal  as  fired , .  .lb. 

(35)  Moisture   in    c-oal per   cent 

(36)  Total    dry  coal lb. 

(37)  Ash.  cinders,  and  refuse: 
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( a )     From  asli-pau   lb. 

(,  U)     From  smoke-box   lb. 

(c)     Total lb. 

(.38)     Percentage  of  ash,  cinders,  and  refuse  to  dry  coal per  cent 

(39)  Percentage  of  ash,  by  analysis per  cent 

(40)  Total    combustible   consumed    (Line    30 — Line    .37) 

(41)  Calorific  value  per  lb.  of  dry  coal  by  calorimeter  test B.t.u. 

( 41' )     Total    weight    of    water    fed lb. 

(43)  Percentage  of  moisture  in  steam  or  number  of  degrees  of  super- 

heating  per   cent,   or   deg. 

(44)  Total   water   evaporated   corrected    for    moisture   or   superheat 

in  steam  lb. 

(4.5)  Estimated  weight  of  steam  used  by  air  pump,  blower,  calorim- 
eter, whistle,  that  escaping  at  the  safety  valve,  etc ili. 

(4(11      Percentage  borne  by  steam  used  for  auxiliary  purposes  name<l 

in  Line  45  to  total  output per  cent 

Hourly  Quantitib-s 

( 47 )  Dry  coal  per  liour  ( Line  36  -^-  Line  20) lb. 

(48)  Dry  coal  per  hour  per  sq.  ft.  of  grate lb. 

(49)  Water  evaporated  per  hour  (Line  44  h-  Line  20) lb. 

(50)  Equivalent  evaporation  per  hour  from  and  at  212  deg lb. 

(51)  Equivalent  evaporation  per  hour  from  and  at  212  deg.  per  sq.  ft. 

of  water  heating  surface lb. 

(52)  Dry  steam   consumed   by   engine  alone   per   hour    (Line  44  — 

Line  45) lb. 

Indicatoe  Diagrams 

(53)  Mean  effective  pressure  in  lb.  per  sq.  in. : 

( (/ )     First  cylinder 

(  h )      Second  cylinder   

(54)  Back  pressure  at  mid-stroke: 

( a )     First  cylinder 

( h)     Second  cylinder 

Speed 

(55)  Revolutions  per  minute rev. 

(56)  Average  speed  in  miles  per  hour miles 

(57)  Maximum  speed  in  miles  per  hour miles 

Power 

(58)  Indicated  horsepower : 

(a)     First  cylinder i.h.p. 

(  b )      Second  cylinder i.h.p. 

(c)     Whole  engine i.h.p. 

( 59 )  Average  drawbar  pull lb. 

(60)  Maximum  drawbar  pull lb. 

(  61 )     Dynamometer  horsepower dyn.h.p. 

Economy  Kesults 

(62)  Dry  coal  consumed  per  i.h.p.  per  hour lb. 

(63)  Dry  coal  consumed  per  dynamometer  h.p.  per  hour lb. 
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(U4)     Dry  .steam  per  i.li.p.  per  hour lb. 

(65)  Dry  steam  per  dyuamometer  per  h.p.-br lb. 

(66)  Dry  coal  consumed  per  tou  mile,  traiu  load  aud  total  load lb. 

Boiler  Performance  . 

(67)  Water  evaporated  per  lb.  of  dry  coal lb. 

(68)  Equivalent  evaporation  from  aud  at  212  deg.  per  lb.  of  dry  coal. .  .lb. 

(69)  Equivalent  evaporation   from  and  at  212  deg.   per   lb.   of  com- 

bustible    lb. 

(70)  Efficiency,  based  on  dry  coal per  cent 


PART  XII 
GAS  PRODUCER  CODE 


RULES  FOR  CONDUCTING  TESTS  OF  GAS  PRODUCERS 


1     OBJECT  AND  PREPARATIONS 

Determine  the  object,  take  the  dimensions,  note  the  physical  con- 
dition of  the  producer  and  its  appurtenances,  install  the  testing 
appliances,  etc.,  as  pointed  out  in  the  general  instructions  given  on 
pages  1689,  1690,  1691,  1702  and  1703,  and  make  preparations  for 
the  test  accordingly. 

2    FUEL 1 

Determine  the  character  of  the  fuel  to  be  used.  If  an  untried  fuel 
is  selected  and  a  test-producer  is  available,  make  a  preliminary  trial 
of  the  fuel  in  this  apparatus  and  ascertain  its  working  characteristics 
and  the  proper  methods  of  handling  it. 

In  tests  of  maximum  eiSiciency  and  capacity  of  a  producer  for  com- 
parison with  other  producers,  the  fuel  should  be  some  kind  of  coal 
which  is  commercially  regarded  as  a  standard  for  such  use  in  the 
locality  where  the  test  is  made.  The  coal  selected  for  such  tests 
should  be  the  best  of  its  class  and  free  from  unusual  slag-forming 
impurities. 

The  size  of  the  coal  should  be  determined  by  screening  a  sample, 
using  the  screens  referred  to  on  page  1692,  or  in  Appendix  No.  7. 

3    APPARATUS  AND  INSTRUMENTS 

The  apparatus  and  instruments  required  for  pl-oducer  tests  are 
(a)     Platform  scales  for  weighing  coal  aud  aslies 
(h)     A  coal  caloriuieter 

(c)  A  gas  calorimeter 

(d)  Gas  analyzing  apparatus  aud  appliances  for  determining  tar  and 
soot 

'This  code  is  primarily  intended  for  producers  using  coal.  If  other  fuel,  such  as  wood  or  oil 
is  burned,  the  rules  may  be  modified  accordingly. 
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(e)     A  gas  iiietor,  pitot  tube,  or  otlior  suitable  apparatus  for  measuring 

the  gas  output 
(/)     A  manometer  or  pressure  gage 
{(})     Water  meters  for  measuring  feed  and  scrubber  water,  and  steam 

meters  for  measuring  steam  used  l)y  the  ai)paratus 
(fi)     Thermometers 

Full  directions  regarding  the  use  and  calibration  of  the  above 
noted  appliances  are  given  on  pages  1691  to  1702,  and  m  various 
appendices  there  referred  to. 

The  location  of  the  pitot  tube,  if  used,  should  be  in  the  delivery 
pipe  at  a  point  near  the  producer  or  just  bevond  the  scrubber,  or 
at  both  points,  according  to  the  use  made  of  the  gas,  either  for 
fuel  or  power,  and  other  requirements. 

4     OPERATING  CONDITIONS 

Determine  what  the  operating  conditions  should  be  to  conform  to 
the  object  in  view,  as  pointed  out  on  page  1703,  and  see  that  they 
prevail  throughout  the  trial. 

5     DURATION 

The  duration  of  both  efficiency  and  capacity  tests  of  a  producer, 
with  the  exceptions  noted  below,  should  be  such  that  the  total  con- 
sumption of  fuel  is  at  least  ten  times  the  weight  of  the  fuel  contained 
in  the  producer  when  in  normal  operation,  estimating  this  weight  in 
the  case  of  coal  at  45  lb.  per  cu.  ft. 

In  cases  like  down-draft  producers  which  require  the  fuel  bed 
to  be  entirely  removed  and  rebuilt  at  regular  intervals,  and  in  pro- 
ducers where  a  complete  cleaning  and  renewal  occurs  before  the  total 
consumption  above  stipulated  has  been  reached,  the  duration  should 
be  that  of  the  regular  commercial  operating  cycle,  or  the  time  elap- 
sing between  two  successive  renewals  of  the  fuel  bed. 

6     STARTING  AND  STOPPING 

The  conditions  regarding  the  temperature  of  the  producer  and  its 
contents,  and  the  quantity  and  quality  of  the  latter,  should  be  as 
nearly  as  possible  the  same  at  the  end  as  at  the  beginning  of  the  trial. 
To  secure  the  desired  equality  of  conditions,  the  starting  and  stop- 
ping should  occur  at  times  of  regular  cleanings,  and  they  should  be 
preceded  for  a  period  of  not  less  than  10  hours  by  the  same  regular 
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working  conditions  as  those  characterizing  the  test  as  a  whole.  The 
operations  of  starting  and  stopping  should  then  be  carried  on  as 
follows : 

(«»  Up-JJraft  Suction-Producers.  Remove  the  ash  and  clinkers  from 
the  grate  and  the  lower  part  of  the  furnace  space,  taking  care  that 
the  crust  or  closely-united  layer  which  supports  the  coal  above  is 
not  unduly  disturbed.  Then  break  open  the  crust  and  allow  the  mass 
to  drop  into  the  space  left  vacant.  Introduce  a  poker  rod  through  the 
poke  holes  in  the  upper  head  and  stir  up  the  coal  within,  thereby 
causing  it  to  settle  and  All  the  remaining  spaces.  As  a  final  step, 
(luickly  replenish  the  producer  with  coal,  leaving  the  hopper  level-full, 
take  the  time,  and  consider  this  the  starting  time.  Then  clean  the 
ash-pit,  and  thereafter  proceed  with  the  regular  work  of  the  test, 
using  weighed  coal. 

When  the  time  arrives  for  bringing  the  trial  to  a  close,  the  clean- 
ing operations  described  above  are  repeated,  ending  with  filling  the 
hopper,  taking  the  time,  and  considering  this  the  stojjping  time; 
finally  hauling  the  ashes  and  refuse  from  the  ashpit. 

(h)  Up-Draft  Pressure  Prod/ucers.  Remove  the  ashes  until  the  top 
of  the  ashbed  is  lowered  to  the  normal  working  point,  say  six  inches 
above  the  blast-hood.  Introduce  the  poker-rod  and  break  down  any 
bridge  or  crust  that  may  have  formed,  at  the  same  time  closing  up 
the  channels  that  run  through  the  fuel  bed,  thereby  making  the  bed 
homogeneous.  Then  replenish  the  producer  with  coal,  fill  the  hopper 
level-full,  take  the  time,  and  consider  this  the  starting  time.  There- 
after proceed  with  the  regular  work  of  the  test,  using  weighed  coal. 

When  the  time  approaches  for  closing  the  test,  the  operations  above 
described  are  rejioated,  ending  with  replenishing  the  producer  and 
filling  the  hopper  with  weighed  coal,  taking  the  time,  and  considering 
this  the  stopping  time.  The  ashes  and  refuse  finally  removed  are  to 
be  dried  before  weighing,  or  a  sample  should  be  taken  and  the  moist- 
ure, as  determined  therefrom,  allowed  for. 

ie)  Down-Draft  Pressure  Producer.  Thoroughly  clean  the  producer  of 
its  entire  contents.  Introduce  a  weighed  supply  of  coke  or  coal,  start 
the  fire,  and  build  up  the  fuel  bed  to  its  working  condition,  using 
weighed  coal.  When  this  point  is  reached,  take  the  time,  and  con- 
sider this  the  starting  time.  Thereafter  proceed  with  the  regular 
work  of  the  test. 

When  the  time  approaches  for  closing  the  test,  burn  the  fuel  bed 
as  low  as  practicable  to  prepare  for  cleaning,  stop  the  exhauster. 
note  the  time,  and  cousider  this  the  stopping  time.  Then  completely 
empty  the  producer,  quench  the  fire  remaining  in  the  live  coals,  sep- 
arate and  weigh  the  coke  and  ash,  and  deduct  the  weight  of  the  for- 
mer from  that  of  the  coke  as  charged.  Finally  dry  the  ash  and  refuse, 
or  take  a  sample  and  allow  for  the  moisture  determined  therefrom. 
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7  RECORDS 

8  SAMPLING  AND  DRYING  COAL 

9  ASHES  AND  REFUSE 

10     CALORIFIC  TESTS  AND  ANALYSES  OF  COAL 
The  directions  pertaining  to  the  above  divisions  of  the  subject  are 
practically  the  same  as  those  given  under  the  corresponding  headings 
in  the  Boiler  Code,  and  reference  may  be  made  to  pages   1720  and 
1721  ofj^that  code  for  these  directions. 

11     CALORIFIC  TESTS  AND  ANALYSES  OF  GAS  OUTPUT 

The  quality  of  the  gas  should  be  determined  by  calorific  tests  and 
analyses,  continuous  samples  for  this  purpose  being  taken  from  the 
delivery  pipe  at  a  point  near  the  producer  and  at  other  points  as  may 
be  needed. 

The  calorific  test  should  be  made  with  the  Junker  calorimeter,  de- 
scribed in  Appendix  No.  13,  or  its  equivalent.  Unless  otherwise 
required  the  "higher  value"  should  be  employed  in  calculating  the 
results  of  the  test.  For  an  approximate  determination  of  the  com- 
position of  the  gas,  the  Orsat  apparatus  may  be  used,  and  for  com- 
plete determinations,  the  Hempel  apparatus  or  its  equivalent.  Both 
of  the  two  named  are  described  in  Appendix  No.  15.  The  frequency 
with  which  these  determinations  should  be  made  depends  on  the 
uniformity  of  the  output,  but  the  intervals,  where  practicable,  should 
not  be  more  than  one-half  hour,  the  time  taken  for  collecting  each 
sample  being  not  less  than  one-half  hour. 

12  CALCULATION  OF  RESULTS 
(o)  Total  Volume  of  Gas  Delivered.  The  volume  of  gas  found  by  pilot 
tube  measurement  is  determined  by  multiplying  tlie  area  of  the  deliv- 
ery pipe  in  sq.  ft.  at  the  tube  by  the  velocity  of  the  gas  in  ft.  per 
minute,  and  the  product  by  the  duration  of  the  trial  in  minutes. 
The  equivalent  volume  at  atmospheric  pressure  (30  in.  barometer) 
and  temperature  of  62  deg.  fahr.,  is  obtained  by  multiplying  the  abso- 
lute pressure  of  the  gas  in  lb.  per  sq.  in.  (gage  pressure  plus  14.7) 
by  the  constant  3-5.3,  and  dividing  the  product  by  the  absolute  temper- 
ature of  the  gas   (temperature  by  thermometer  plus  460  deg.). 

(ft)  Net  Volume  of  Oas  Delivered.  The  net  volume  of  gas  delivered  is 
found  by  subtracting  from  the  total  volume  the  equivalent  volume 
of  gas  required  for  furnishing  steam  drawn  from  an  outside  source. 
if  any,  or  for  furnishing  power  used  for  any  purpose  concerned  in  the 
operation  of  the  i)rodncer  and  its  auxiliaries. 
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(c)  Weight  of  Gas.  The  weight  of  dry  gas  delivered  is  found  by  multi- 
plying the  volume  in  cu.  ft.,  reduced  to  62  deg.  and  30  in.,  given  in 
Table  2,  Line  21,  by  the  weight  per  cu.  ft.  of  gas  given  in  Table  2, 
Line  77. 

The  weight  of  the  gas  per  cu.  ft.  is  determined  by  uuiltiplying  the 
percentage  of  each  component  gas  as  found  by  analysis  (see  Lines 
55  to  63,  Table  2)  by  its  weight  in  lb.  per  cu.  ft.,  at  02  deg.  and  30  in., 
as  given  in  the  following  table,  and  dividing  the  sum  of  the  products 
by  100. 

COi 0.1116  CH4 0.042S 

CO 0.0736  CjH. 0.0737 

0 0.0842  SO2 0.1638 

H 0.0053  H2S 0.0868 

N 0.0740 

{(1)  Moisture  ill  Gas  Leaving  Producer.  The  percentage  of  moisture  in 
the  gas  Is  found  by  passing  a  measured  sample  of  the  gas  through  a 
chloride  of  calcium  tube  and  weighing  the  amount  (if  moisture 
absorbed. 

(e)  Percentage  of  Tar  and  tSoot  in  Gas.  The  percentage  of  tar  and  soot 
is  found  by  comparing  the  total  weight  determined,  including  that 
collected  from  the  various  tar  drips  with  the  total  weight  of  dry 
fuel  used. 

(/)  Efficienc^y.  The  efticiency  is  the  relation  between  the  calorific  value 
of  the  gas  per  lb.  of  fuel  charged,  or  combustible  burned,  and  the 
calorific  value  of  1  lb.  of  fuel  or  combustible.  The  former  is  ascer- 
tained by  multiplying  the  B.t.u.  per  cu.  ft.  of  gas  as  determined  by 
the  calorimeter  test  (higher  value)  by  the  cu.  ft.  of  gas  delivered, 
and  dividing  the  product  by  the  total  weight  of  fuel  charged  or  com- 
bustible burned. 

The  "  combustible  burned  "  is  determined  by  subtracting  from  the 
weight  of  coal  charged  the  moisture  in  the  coal  and  the  ash  and 
refuse,  including  uuburned  coal  which  is  withdrawn  from  the  pro- 
ducer or  ash-pit  during  the  progress  of  the  trial.  The  "  combustible  " 
used  for  determining  the  calorific  value  Is  the  weight  of  the  coal  less 
the  moisture  and  ash  found  by  analysis. 

The  efficiency  of  "  conversion  and  cleaning  "  in  the  above  calcula- 
tion Is  found  by  using  the  total  volume  of  gas  delivered.  The  "effici- 
ency of  the  plant "  is  found  by  using  the  net  volume  of  gas  delivered. 

(g)  Heat  Balance.  The  various  quantities  showing  the  distribution  of 
heat  in  the  heat  balance  given  in  Table  2,  are  computed  In  the  fol- 
lowing manner: 

The  heat  contained  in  the  dry  gas  is  found  by  multiplying  the  cubic 
feet  of  gas  at  62  deg.  and  30  in.  per  lb.  of  dry  coal  by  the  calorific 
value  of  1  cu.  ft.  of  gas  at  62  deg.  and  30  in.  (higher  value). 

The  heat  carried  away  by  the  scrubber  Is  obtained  by  multiplying 
the  weight  of  water  fed  to  the  scrubber  by  the  number  of  degrees  rise 
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of  teiuijerulure,  aiul  dividiuK  the  product  by  the  total  weight  of  dry 
coal  consumed. 

The  heat  contained  in  the  moisture  leaving  the  producer  is  found 
by  multiplying  the  total  weight  of  dry  gas  by  the  proportion  of  moist- 
ure in  the  gas  leaving  the  producer  and  by  the  total  heat  of  1  lb.  of 
superheated  steam  at  the  temperature  of  the  gas  leaving  the  producer 
reckoned  from  the  temperature  of  the  air  in  the  room,  and  dividing 
the  product  by  the  weight  of  dry  coal  consumed. 

13     DATA  AND  RESULTS 

The  data  and  results  should  be  reported  in  accordance  with  either 
the  Short  Form  or  Complete  Form  given  herewith,  adding  lines  for 
data  not  provided  for  or  omitting  those  not  required  as  may  conform 
to  the  object  in  view. 

If  a  preliminary  trial  of  the  fuel  is  made  in  a  test-producer,  add  to 
the  table  the  general  results  obtained. 

14    CHART 

In  trials  having  for  an  object  the  determination  and  exposition  of 
the  complete  performance  from  beginning  to  end,  the  entire  log  of 
readings  and  data  should  be  plotted  on  a  chart  and  represented 
graphically. 

TABLE  1  DATA  AND  RESULTS  OF  GAS  PRODUCER  TEST 

SHORT  FORM,  CODE  OF  1912 


(1)  Test  of producer  located  at 

to  determine conducted  by 

(2 )  Type  of  producer 

(3)  Rated  capacity  of  producer 

(4)  Date  

(5)  Duration    hr. 

(6)  Kind  of  coal^  and  where  mined 

(7)  Size  of  coal 

Average  Pkessures,  Temperatures,  Etc. 

(8)  Steam  pressure  in  vaporizer  by  gage lb. 

(9)  Gas      pressure      in      delivery      main      at      point      where      gas 

is   measured in.   water 

(10)     Temperature   of    feedwater deg. 

'  If  other  fuel   than  coal  is  used,  the  Imes  may   be  changed  to  read  accordingly. 
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Temperature  of  gas  in  delivery  main  near  producer deg. 

Temperature  of  gas   in   delivery   main   at  point  where  gas  is 

measured   deg. 

Force  of  blast  or  draft  in  ashpit in. 

Total  Quantities. 

Weight  of  coal  as  charged lb. 

Percentage  of  moisture  in  coal per  cent 

Total  weight  of  dry  coal  consumed lb. 

Total  ash  and  refuse lb. 

Percentage  of  ash  and  refuse  in  dry  coal : per  cent 

Total  cu.  ft.  of  gas  as  measured cu.  ft. 

Equivalent  cu.  ft.  of  gas  at  62  deg.  and  30  in cu.  ft. 

Net  cu.  ft.  of  gas  at  <i2  deg.  and  30  ih.^ cu.  ft. 

Total   water   fed   to   vaporizer lb. 

Total   water  supplied  to  scrubber lb. 

HotJBLY  Quantities 

Dry  coal  consumed  per  hour lb. 

Dry  coal  per  sq.  ft.  of  main  fuel  bed  per  hour lb. 

Total  cu.  ft.  of  gas  delivered  per  hour cu.  ft. 

Total  cu.  ft.  of  gas  per  hour  at  62  deg.  and  30  in cu.  ft. 

Net  cu.  ft.  of  gas  per  hour  at  62  deg.  and  30  in en.  ft. 

Economy  Results 
Total  cu.  ft.  of  gas  delivered  per  lb.  of  dry  coal    (Line  13  -4- 

Line  10) cu.  ft. 

Equivalent  total  gas  at  62  deg.  and  30  in.  per  lb.  of  dry  coal. .  .cu.  ft. 

Net  cu.  ft.  of  gas  at  62  deg.  and  30  in.  per  lb.  of  dry  coaP cu.  ft. 

Net  cu.  ft.  of  gas  at  62  deg.  and  30  in.  per  lb.  of  combustible. .  .cu.  ft. 

Efficiency- 

Caloriflc  value  of  dry  coal  per  lb B.t.u. 

Calorific  value  of  combustible  per  II) B.t.u. 

Calorific  value  of  gas  per  cu.  ft.    (higher  value) B.t.u. 

EflBciency  of  producer  based  on  coal per  cent 

Efficiency  of  producer  based  on  combustible v.^.  .per  cent 

Cost  of  Production 

Cost  of  coal  per  ton  of  ....  lb.  delivered dollars 

Cost  of  coal  required  for  producing  10,000  net  cu.  ft.  of  gas  at 

62  deg.  and  30  in .dollars 

(40)     Cost  of  coal  required  for  producing  one  million  B.t.u.  in   the 

gas    dollars 

'  After  deducting  equivalent  gas  required  for  auxiliaries. 

'  If  the  efficiency  is  based  on  the  "  low  value  "  of  the  heat  units  in  the  gas  the  fact  should  be 

30  Ptated. 
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TABLE  2     DATA   AND  RESULTS  OF  GAS  PRODUCER  TEST 

COMPLETE  FORM,  CODE  OF  1912 


(1)     Test   of producer  located   at 

to  determine   conducted  by . 


(2 

(3 

(4 

(5 

(6 

(7 

(8 

(9 

(10 

(11 

(12 

(13 

(14 


(15 
(16 
(17 
(18 
(19 
(20 
(21 
(22 
(23 
(24 
(25 


(2G 
(27 
(28 
(29 
(30 
(31 
(32 

(33 
(34 

(35 


Dimensions 

Outside  diameter  of  producer ft 

Height  of  producer ft. 

Inside  diameter  of  producer ft. 

Diameter  of  grate ft. 

Area  of  grate sq.  ft. 

Percentage  of  air  space  in  grate per  cent 

Area  of  fuel  bed  (at  maximum  diameter) sq.  f t 

Area  of  water  lieating  surface  in  vaporizer sq.  f t. 

Rated  capacity  of  producer  in  lb.  of  coal  per  hour lb. 

Date    

Duration    hr. 

Kind  of  coaP  and  where  rained 

Size  of  coal 

Average  Pressures,  Temperatures,  Etc. 

Steam  pressure  in  vaporizer  by  gage lb. 

Gas  pressure  in  main  at  point  where  gas  is  measured in.  water 

Force  of  blast  or  draft  in  ashpit in.  water 

Barometric  pressure in.  mere. 

Temperature  of  feedwater  entering  vaporizer deg. 

Temperature  of  gas  in  main  near  producer deg. 

Temperature  of  gas  in  main  at  point  where  gas  is  measured deg. 

Temperature  of  air  in  room deg. 

Temperature  of  water  entering  scrubber deg. 

Temperature  of  water  leaving  scrubber deg. 

Weight  of  dry  gas  per  cu.  ft.  reduced  to  62  deg.  and  30  In lb. 

Total  Quantities 

Weight   of   coal    as   fired lb. 

Percentage  of  moisture  in  coal per  cent 

Total  weight  of  dry  coal  consumed lb. 

Total   ash   and  refuse lb. 

Percentage  of  ash  and  refuse  in  dry  coal per  cent 

Total  number  of  cu.  ft.  of  gas  as  measured cu.  ft. 

Equivalent  cu.  ft.  of  gas  at  temperature  of  62  deg.  and  pressure 

of   atmosphere    of   30    in cu.  ft. 

Net  cu.  ft.  of  gas  at  62  deg.  and  30  in.' lb. 

Total  weight  of  dry  gas lb. 

Percentage  of   moisture   in   gas   leaving   producer percent 


1  If  other  fuel  than  coal  is  used  the  lines  may  be  changed  to  read  accordingly. 
'  After  deducting  equivalent  gas  required  for  auxiliaries. 
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(36)  Percentage  of  tax*  aud  soot  in  gas  referred  to  total  fuel.  .  .  .per  cent 

(37)  Total  water  fed  to  vaporizer lb. 

(38)  Total    water   evaporated   in    vaporizer ". lb. 

(39)  Total  weight  of  steam  supplied  to  producer lb. 

(40)  Total  weight  of  water  fed  to  scrubber 

HouELY  Quantities 

(41 )  Dry   coal  consumed  per  hour lb. 

^42)  Dry  coal  consumed  per  hour  per  nq.  ft.  of  grate lb. 

(43)  Dry  coal  consumed  per  hour  per  S(i.  ft.  of  main  fuel  bed lb. 

(44)  Total  cu.  ft.  of  gas  delivered  per  hour  (Line  20  -4-  Line  IT)  .  .  .cu.  ft. 

(45)  Total  cu.  ft.  of  gas  per  hour  at  62  deg.  and  30  in cu.  ft. 

(46)  Net  cu.  ft.  of  gas  delivered  per  hour  at  62  deg.  and  30  in cu.  ft. 

(47)  Weight  of  dry  gas  per  hour lb. 

(48)  Water  fed  per  hour  to  vaporizer lb. 

(49)  Water  evaporated  per  hour  in  vaporizer lb. 

(50)  Steam  supplied  to  producer  per  hour lb. 

(51)  Water  fed  to  scrubber  per  hour lb. 

Proximate  Analysis  of  Coal 

(52)  Fixed  carbon per  cent 

(53)  Volatile  matter per  cent 

(54)  Moisture    per  cent 

(55)  Ash    per  cent 

100  per  cent 

(56)  Sulphur,  separately  determined per  cent 

Ultimate  Analysis  of  Dry  Coal 

(57)  Carbon   (C) per  cent 

(58)  Hydrogen    ( H ) per  cent 

(59)  Oxygen    (O) percent 

(60)  Nitrogen  ( N ) '. per  cent 

(61)  Sulphur  (S) percent 

(62)  Ash  per  cent 


100  per  cent 

(63)  Moisture  in  sample  of  c-oal  as  received per  cent 

Analysis  of  Ash  and  Refuse 

(64)  Carbon   .' .  .per  cent 

(65)  Earthy  matter percent 

Analysis  of  Gas  by  Volume 

(66)  Carbon  dioxide   (CO,) per  cent 

(67)  Carbon  monoxide   (CO) percent 

(68)  Oxygen    (O) per  cent 

(69)  Hydrogen    (H) per  cent 

(70)  Marsh  gas  (CHj) per  cent 

(71)  defiant  gas  (C.HJ per  cent 

(72)  Sulphur  dioxide  (SO,) per  cent 

(73)  Hydrogen  sulphide  (H,S) per  cent 

(74)  Nitrogen  (N  by  difference) per  cent 

100  per  cent 
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Calorific  Values  by  Calorimeter 

(75)  Calorific  value  of  dry  coal  per  lb B.t.u. 

(76)  Calorific  value  of  combustible  per  lb B.t.u. 

(77)  Calorific  value  of  gas  per  cu.  ft.  at  G2  deg.  and  30  in.   (higher 

value)   B.t.u. 

Economy  Results 

(78)  Total  cu.   ft.   of  gas  as  measured,  per  pound  of  dry  coal  con- 

sumed     cu.  f t. 

(79)  Equivalent  cu.  ft.  of  gas  at  (52  deg.  and  30  in.  per  lb.  of  dry  coal.cu.  ft. 
(SO)      Equivalent  cu.  ft.  of  gas  at  62  deg.  and  30  in.  per  lb.  of  com- 
bustible   cu.  f t. 

(81)  •  Net  cu.  ft.  of  gas  at  62  deg.  and  30  in.  per  lb.  of  dry  coal cu.  ft. 

(82)  Net  cu.  ft.  of  gas  at  62  deg.  and  30  in.  per  lb.  of  combustible,  .cu.  ft. 

Efficiency^ 
(S3)     Elticiency  of  producer  based  on  coal: 

( a )  Conversion  and  cleaning per  cent 

(b)  Plant per  cent 

(84)  Efficiency  of  ])roducer  based  on  combustible: 

(«)     Conversion  and  cleaning per  cent 

( b )     Plant per  cent 

Cost  of  Production 

(85)  Cost  of  coal  per  ton  of  ....  lb.,  delivered dollars 

(86)  Cost  of  coal  required  for  producing  10,(X)0  net  cu.  ft.  of  gas  at  62 

deg.  and  30  in dollars 

(87)  Cost  of  coal  for  producing  1,000,000  B.t.u dollars 

Heat  Balance  Based  on  1  Lb.  of  Dry  Coal 

B.t.u.     Per  cent 

(88)  Heat  contained  in  dry  gas 

(89)  Heat  carried  away  by  scrubber 

(90)  Heat  contained  in  moisture  leaving  producer 

(91)  Heat  unaccounted  for,  including  radiation, — differ- 

ence between  the  sum  of  Lines  88,  89,  and  90 

and  Line  92 

(92)  Total  calorific  value  of  1  lb.  of  dry  coal,  same  as     

Line  75 

1  If  the  efficiency  is  based  on  the  "low  value"  of  the  heat  units  in  the  gas,  the  fact  should  be  so 
stated. 
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RULES  FOR  CONDUCTING  TESTS  OF  GAS  AND  OIL 

ENGINES 

1  OBJECT  AND  PREPARATIONS 
Determine  the  object,  take  the  dimensions,  note  the  physical  con- 
dition of  the  engine  and  its  appurtenances,  install  the  testing  ap- 
pliances, etc.,  as  explained  in  the  general  instructions  given  on  pages 
1689,  1690,  1691,  1702  and  1703,  and  make  preparations  for  the 
test  accordingly. 

2  APPARATUS  AND  INSTRUMENTS 

The  apparatus  and  instruments  required  for  simple  performance 
tests  of  gas  and  oil  engines  are: 

(a)  Tauks  and  platform  scales  for  weighing  oil 

(b)  A  calorimeter  for  determining  the  heat  of  combnstion  of  oil 

(c)  A  gas  meter  or  other  apparatus  for  measuring  gas 

(d)  A  gas  calorimeter 

(e)  Pressure  gages  and  thermometers 
(/)     Gas  engine  indicators 

(g)     A  planimeter 

(h)     A  tachometer  or  other  speed-measuring  api)aratus 

and  in  addition  for  the  determination  of  the  complete  performance 

(i)     Gas  analyzing  apparatus 

(;■)     A  water  meter  for  measuring  jacket  water 

(k)     A  friction  brake  or  dynamometer 

Full  directions  regarding  the  use  and  calibration  of  these  appli- 
ances are  given  on  pages  1691  to  1702,  and  in  various  appendices 
there  referred  to. 

3  OPERATING  CONDITIONS 

Determine  what  the  operating  conditions  should  be  to  conform  to 
the  object  in  view,  and  see  that  they  prevail  throughout  the  trial, 
as  pointed  out  on  page  1703,  Part  I. 

4     DURATION 

The  test  of  a  gas  or  oil  engine  with  substantially  constant  load 
should  be  continued  for  such  time  as  may  be  necessary  to  obtain  a 
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number  of  successive  records  covering  periods  of  half  an  hour  or  less 
during  which  the  results  are  found  to  be  uniform.  In  such  cases  a 
duration  of  three  to  five  hours  is  sufficient  for  all  practical  purposes. 

ri  STARTING  AND  STOPPING 
The  engine  having  been  set  to  work  under  the  prescribed  condi- 
tions and  thoroughly  heated  (except  in  cases  where  the  object  is  to^ 
obtain  the  performance  under  working  conditions),  the  test  is  begun 
at  a  certain  predetermined  time  by  (;ommencing  to  weigh  the  oil,  or 
measure  the  gas,  as  the  case  may  be,  and  take  other  data  concerned; 
after  which  the  regular  measurements  and  observations  are  carried 
forward  until  the  end.  When  the  stopping  time  arrives  the  test  is 
closed  by  simply  taking  the  final  readings. 

6    RECORDS 
The  general  data  should  be  taken  and  recorded  in  the  same  man- 
ner as  that  described  in  the  Steam  Engine  Code,  on  page  1735,  to 
which  reference  may  be  made. 

7     CALORIFIC  TESTS  AND  ANALYSES 

The  quality  of  the  oil  or  gas  should  be  determined  by  calorific 
tests  and  analyses  made  on  representative  samples. 

Directions  for  these  tests  or  analyses  are  given  on  pages  1697  and 
1698  under  the  headings  Coal  Calorimeters,  Gas  Calorimeters,  Coal 
Analysis  Apparatus,  and  Gas  Analysis  Apparatus,  and  in  Appen- 
dices Nos.  12.  13,  14,  and  15  there  referred  to. 

8  CALCULATION  OF  RESULTS 
(o)  Heat  Consumption.  The  number  of  heat  units  cousumed  by  the 
eugiue  is  found  by  multiplying  the  heat  units  per  lb.  of  oil  or  per  cu. 
ft.  of  gas  (higher  value),  as  determined  by  calorimeter  test,  by  the 
total  weight  of  oil  in  lb.  or  volume  of  gas  in  cu.  ft.  consumed  during 
the  trial. 

(b)  Horsepower  and  Efficiency.  The  indicated  horsepower,  brake  horse- 
power, and  efficiency  are  computed  by  the  same  methods  as  those 
explained  in  the  Steam  Engine  Code,  on  page  1736,  to  which  reference 
may  be  made. 

(c)  Heat  Balance.  The  \arious  (luantities  showing  the  disti'ibution  of 
heat  in  the  heat  balance  given  in  Table  2  are  computed  in  the  fol- 
lowing manner : 

The  heat  converted  into  work  per  i.h.p.-hr.  (2.54.5  B.t.n.)  is  found 
by  dividing  the  work  representing  1  h.p.,  or  1,980,0(X)  ft-lb.,  per  hour 
by  the  number  of  ft.-lb.  representing  1  B.t.u.,  or  778. 
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Tlic  li(':il  i'o.j(>c(0(i  ill  th(>  coolinii-  wntor  is  obtniiu'd  by  nuill  ipl.viii.i,^ 
I  lie  wciiilit  (iT  \v;il(M-  supiilicil  l)y  llu'  iiuinlK'r  of  (l('.u;r(>es  rise  of  leiii- 
poraturo,  and  dividiiiti  ilio  |»r<pduc1   by  flio  indicated    liorsciiower. 

The  beat  rejected  in  tbe  dry  exhaust  gases  per  i.h.p.-hr.  is  found  by 
multiplying  the  weight  of  these  gases  per  i.h.p-hr.  by  the  sensible 
heat  of  the  gas  reckoned  from  the  temperature  of  the  air  in  the 
room  and  by  its  specific  beat.  The  weight  of  the  dry  gases  per  i.h.p.- 
hr.  may  be  found  by  multiplying  Ihe  weight  of  dry  gas  per  lb.  of  car- 
bon, using  tbe  formula  : 

llC0,  +  S0-f7(C0  +  N) 


3  (CO,  +  CO) 
in  which  CO,.  CO,  O,  and  N  are  expressed  in  ])ercentages  by  volume, 
by  the  proportion  borne  by  the  carbon  in  the  total  fuel,  (either  gas  or 
oil),  and  by  the  weight  of  fuel  per  l.h.p-hr. 

The  heat  lost  in  the  moisture  formed  by  the  burning  of  hydrogen 
in  the  gas  is  found  by  multiplying  the  total  heat  of  1  lb.  of  super- 
heated steam  at  the  temperature  of  the  gas,  reckoning  from  the  tem- 
perature of  the  air  in  the  room,  by  the  proportion  of  the  hydrogen  in 
the  fuel  as  determined  from  the  analysis,  and  multiplying  the  result 
by  0. 

The  heat  lost  through  incomplete  combustion  is  obtained  by  analyz- 
ing the  exhaust  gases  and  computing  the  heat  of  the  unburned  pro- 
ducts which  would  have  been  produced  by  their  combustion. 

0     DATA  AND  RESUIvTS 

The  data  and  results  should  be  reported  in  accordance  with  either 
the  Short  Form  or  Complete  Form  given  herewith,  adding  lines  for 
data  not  provided  for,  or  omitting  those  not  required,  as  may  con- 
form to  the  object  in  view^: 

TAP.T.E  1      DATA  ATsT>  RESl'T/PS  OF  GA!^  OR  OIT.  ENGINE  TEST 

SHORT  FORM,  CODE  OF  1912 

( 1 )  Test  of engine,  located  at 

to  determine conducted  by 

(2)  Tyjie  and  class  of  engine  and  number  of  cycles. 

(3)  Dimensions : 

(a)  Single  or  double  acting 

(6)  Diameter  of  cylinders in. 

(c)  Stroke  of  pistons ft. 

(d)  Diameter  of  piston  rods in. 

(e)  Compression  space  or  clearance per  cent 

(f)  H.p.  constant  for  1  lb.  m.e.p.  and  1  r.p.m 

'  See  note  page  1744  for  i-eference  to  onsines  driving  electric  gener.Ttors  and  other 
machinory. 
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(4)  Katt'd  caicuMty   

(5)  Date 

(6)  Duration  hr. 

(7)  Kiud  of  gas 

(8)  Kind  ol"  oil 

(9)  Physical  properties  of  oil   (specific  gravity,  burning  point,  and 

flashing  point) 

Average  Pressures  a  ami  Temperatures 

( 10)     Pressure  of  gas  near  meter in. 

(.11)     Barometric  ])ressnre Ih. 

(12)  Temperature  of  cooling  water: 

( a )  Inlet    deg. 

(b)  Outlet    deg. 

( 13)  Temperature  of  gas  near  meter deg. 

( 14)  Temperature  of  air deg. 

( 15)  Temperature  of  exhaust  gases deg. 

Total  Quantities 

( 16)  Gas    or    oil    consumed cu.  f t.-lb. 

(17)  Cooling  water  supplied  to  jackets lb. 

(,18)     Calorific  value  of  gas  per  cu.  ft.,  or  of  oil  per  lb.,  by  calorimeter 

test  (  higher  value) b.t.u. 

Hourly  Quantities 

( 19)  Gas  or  oil  consumed  per  hour cu.  f  t.-lb. 

(20)  Cooling  water  supplied  to  jackets  per  hour lb. 

Indicator  Diagrams 

(21)  Maximum  pressure   lb. 

( 22)  Mean  effective  pressure lb. 

Speed  and  Explosions 

(23)  Revolutions   per   minute rev. 

(24)  Average  number  of  explosions  per  minute 

Power 

(25)  Indicated   horsepower i.h.p. 

(26)  Brake  horsepower br.  h.p. 

(27)  Friction  horsepower  by  difference  Line  25  —  Line  26 fr.  h.p. 

(28)  Friction  horsepower  by  friction  diagrams fr.  h.p. 

(29)  Percentage  of  indicated  horsepower  lost  in  friction  (Line  27), 

])er  cent 
Economy  Results 

(30)  Heat  units  consumed  by  engine  per  hour^ : 

(«)     Per  indicated  horsepower   B.t.u. 

(b)     Per  brake  horsepower   B.t.u. 

(31)  Pounds  of  oil  or  cubic  feet  of  gas  con.sumed  per  hour: 

(a)     Per  indicated  horsepower  Ib-cu.  ft. 

( h)     Per  brake  horsepower   Ib-cu.  ft. 

Sample  Diagrams 

1  If  these  results  in  the  case  of  a  gas  engine  are  based  on  the  "low  value"  of  the  heat  units,  that 
fact  should  be  so  stated. 

Note:  For  an  engine  driving  an  electric  generator  the  form  maj-  be  enlarged  to  include  elec- 
trical data  in  the  manner  given  in  the  Steam  Turbine  Code,  page  1749. 
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TABLE  2     DATA  AND  RESULTS  OF  GAS  OR  OIL  ENGINE  TEST 

COMPLETE  FORM,  CODE  OF  1912 


( 1 )  Test  of engine,  located  at 

to  determine conducted  by 

(2)  Type  of  engine,  whetlier  oil  or  gas 

(3)  Class  of  engine    (mill,   marine,   motor  for  vehicle,  pumping,  or 

other)    

(4)  Number  of  revolutions  for  one  cycle,  and  class  of  cycle 

(5)  Method  of  ignition 

(() )     Name  of  builders .  .  .  .  ; 

(7)     Dimensions: 

(«)      Class  of  cylinder,  whether  working  or  compressing 

( h )     Vertical  or  horizontal 

(c)      Single  or  double  acting 

((/)     Diameter  of  cylinders in. 

(e)      Stroke  of  pistons ft. 

(/)     Diameter  of  piston  rods in. 

( (j)     Compression  space  or  clearance 

(/()     H.p.  constant  for  1  lb.  ui.e.]).  and  ]  r.p.m 

(S)     Rated  capacity  

(9)     Date   

(10)  Duration   hr. 

(11)  Kind  of  oil 

(12)  Physical  properties  of  oil  (specific  gravity,  burning  point,  flash- 

ing point) 

(13)  Kind  of  gas 

Average  Pressures  and  Temperatures 

(14)  Pressure   of    gas    near    meter . in. 

(15)  Barometric    pressure in. 

(l(i)     Temperature  of  cooling  water: 

(a)     Inlet  deg. 

(h)     Outlet   deg. 

(17)     Temperature   of   gas    near    meter deg. 

(IS)     Temperature  of  air: 

(a)  By  dry-bulb  thermometer deg. 

( b )  By  wet-bulb  thermometer deg. 

(19)  Temperature  of   exhaust   gases deg. 

Total  Quantities 

(20)  Gas  or  oil  consumed eu.  ft.-lb. 

(21 )  Air  supplied  in  cu.  ft eu.  ft. 

(22)  Cooling  water  supplied  to  jackets lb. 

(23)  Calorific  value  of  oil  per  lb.,  or  of  gas  per  cu.  ft,  by  calorimeter 

test    ( higher  value) B.t.u. 

Hourly  Quantities 

(24)  Gas  or  oil  consumed  per  hour cu.  ft-lb. 

(25)  Cooling  water   supplied  per   hour lb. 
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Analysis  of  Oil 

(26)  Carbon     (C) per  cent 

(27)  Hydrogen    (H) per  cent 

(28)  Oxygen    (O) per  cent 

(29)  Sulphut    (S) percent 

(30)  Moisture    per  cent 

100  per  cent 
Analysis  of  Gas  by  Volume 

(31)  Carbon  dioxide   (CO.^) per  cent 

(32)  Carbon  monoxide    (CO) per  cent 

(33)  Oxygen    (O) per  cent 

(34)  Hydrogen   (H) per  cent 

(35)  Marsla  gas    (CH4) per  cent 

(36)  Olefiant  gas    (CJI4) per  cent 

(37)  Sulphur  dioxide   (SO.) per  cent 

(38)  Hydrogen   sulphide    (HjS ) per  cent 

(39)  Nitrogen   (N  by  difference) per  cent 


100  per  cent 
Indicator  Diagrams 

(40)  Pressure  in  lb.  i)er  sq.  in.  above  atmosphere: 

(o)     Maximum  pressure lb. 

(&)     Pressure  at  beginning  of  stroke lb. 

(c)  Pressure  at  end  of  expansion lb. 

(d)  Exhaust  pressure  at  lowest  point lb. 

(41)  Mean  effective  pressure  in  lb.  per  sq.  in lb. 

Speed  and  Explosions 

(42)  Revolutions  per  minute rev. 

(43)  Average  number  of  explosions  per  minute 

(44)  Variation  of  speed  between  no  load  and  full  load rev. 

(45)  Fluctuation  of  speed  on  suddenly  changing  from  full  load  to  no 

load  measured  by  the  increase  in  the  revolutions  due  to  thie 
change    

Power 

(46)  Indicated    horsepower i.h.p. 

(47 )  Brake    horsepower br.h.p. 

(48)  Friction  horsepower  by  difference  (Line  46  —  Line  47) fr,  h.p. 

(49)  Friction    horsepower    by    friction    diagrams fr.  h.p. 

(50)  Percentage  of  indicated  horsepower  lost  in  friction    (Line  48), 

per  cent 
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r^coNoMY  Results 
(51)      Heat  units  (.•oiisiimed  by  engine  per  lioni'  : 

(a)     Per  indicated  liorsepower B.t.u. 

(h)     Per  brake    horsepower B.t.u. 

(~)2)     Pounds  of  oil  or  cubic  feet  of  gas  consumed  jier  hour: 

(a)     Per  indicated  horsepower ll)-cu.  ft. 

(ft)     Per  Itrake  horsepower  Ib-cu.  ft. 

Efficiency 

(53)  Thermal  etficiency  ratio: 

(a)     Per  indicated  horsepower per  cent 

(h)      Per  brake  horsepower  per  cent 

AYoKK  Done  Pkr  Heat  Unit 

(54)  Ft-lb.  of  net  work  per  b.t.u.  ronsumed  ( 1,980,000 -h  Line  51ft)  .  .  .ft-lb. 

Heat  Balance  Based  on  B.t.u.  per  i.ii.p.  per  Hour 

B.t.u.    I'er  Cent 

(55)  Heat  converted  into  work 2545       

(56)  Heat  rejected  in  cooling  water 

(57)  Heat  rejected  in  the  exhaust  gases 

(58)  Heat  lost  due  to  moisture  formed  by  burning  of 

hydrogen  

(59)  Heat  lost  by  incomplete  combustion 

(60)  Heat  unaccounted  for,  including  radiation 

(61)  Total  heat  consumed  i)er  i.h.p.  per  hour,  same  as 

Line  51fl 

Sample  Diagrams 

'  If  these  results,  in  the  case  of  a  gas  engine,  are  based  on  the  low  vaUie  of  the  heat  units,  that 
fact  should  be  so  stated. 

Note:  For  an  ens^ine  driving  an  electric  generator,  the  form  may  be  enlarged  to  include  elec- 
trical data  in  the  manner  given  in  the  Steam  Turbine  Code,  page  1749. 
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RULES  FOR   CONDUCTING   TESTS    OF    COMPLETE    GAS 
POWER  PLANTS 

1     OBJECT  AND  PREPARATIONS 

The  usual  object  of  testing  a  complete  gas  power  plant,  embracing 
producer,  engine,  and  appurtenances,  is  the  determination  of  its 
commercial  performance,  i.  e.,  the  number  of  lb.  of  fuel  consumed 
per  unit  of  work  done  in  a  unit  of  time,  and  the  rules  given  in  this 
code  apply  to  tests  having  that  object.  For  directions  pertaining  to 
tests  of  the  producer  and  engine  individuall}^,  reference  may  be 
made  to  the  Producer  and  Gas  Engine  Codes,  pages  1791  and  1803. 

Read  the  general  instructions  given  on  pages  1689,  1690,  1691, 
1702  and  1703,  take  the  dimensions,  note^the  physical  conditions 
of  the  plant,  install  the  testing  appliances,  etc.,  as  there  explained, 
and  prepare  for  the  test  accordingly. 

2     FUEL 

Determine  the  character  of  the  fuel  to  be  used  as  pointed  out  in 
the  Gas  Producer  Code,  page  1791. 

3     APPARATUS  AND  INSTRUMENTS 

The  apparatus  and  instruments  required  for  a  simple  performance 
test  of  a  gas  power  plant  are: 

(»)  Platform  scales  for  wolghing  coal  and  ashes 

(ft)  A  coal  calorimeter 

(c)  Gas  engine  indicators 

ill)  A  tachometer  or  other  speed-nieasnring  apparatus 

(c)  Wattmeters,  in  the  case  of  an  electric  plant 

Directions  regarding  the  use  and  calibration  of  these  appliances 
are  given  on  pages  1691  to  1702. 

If  the  test  involves  the  determination  of  the  individual  performance 
of  the  producer  and  engine,  additional  instruments  are  required  as 
pointed  out  in  the  Producer  and  Gas  Engine  Codes. 
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4     OPERATING  CONDITIONS 

Determine  what  the  operating  conditions  should  be  as  explained 
on  page  1703  and  see  that  they  prevail  throughout  the  trial. 

5    DURATION 

The  duration  of  a  gas  producer  plant  test  should  conform  to  that 
of  the  producer  alone,  rules  pertaining  to  which  may  be  found  in  the 
gas  producer  code. 

In  cases  where  the  engine  is  in  operation  only  a  part  of  the  day, 
the  hourly  consumption  of  coal  from  which  the  economy  results  are 
computed  should  be  the  total  coal  burned  in  the  producer  divided 
by  the  number  of  hours  that  the  engine  is  in  operation  at  its  working 
speed. 

6     STARTING  AND  STOPPING 

The  rules  for  starting  and  stopping  a  complete  plant  test  are  gov- 
erned by  those  required  for  starting  and  stopping  the  test  of  the 
producer,  which  are  those  given  in  the  Producer  Code,  page  1791. 

7  RECORDS 

8  SAMPLING  AND  DRYING  COAL 

9  ASHES  AND  REFUSE 

10  CALORIFIC  TESTS  AND  ANALYSES  OF  COAL 

11  CALCULATION  OF  RESULTS 

The  directions  pertaining  to  the  above  five  divisions  of  the  sub- 
ject are  practically  the  same  as  those  given  under  the  corresponding 
headings  in  the  Code  for  Complete  Steam  Power  Plants,  pages 
1753  and  1754. 

12     DATA  AND  RESULTS 

The  data  and  results  should  be  reported  in  accordance  with  the 
form  given  herewith,  adding  lines  for  data  not  provided  for,  or  omit- 
ting those  not  required,  as  may  conform  to  the  object  in  view. 
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DATA  AND  RESULTS  OF  TEST  OF  (COMPLETE  GAS  POWER  PLANT 

CODE  OF  1912 

(1)  Test  of gas  power  plant  at 

to  determiue ,  conducted  by 

(2)  Type  and  dimensions  of  producers 

(3)  Rated  capacity  of  producers 

(4)  Total  area  of  main  fuel  bed  at  maximum  diameter sq.  ft. 

(5)  Tj^pe  and  dimensions  of  engine 

(6)  Rated  power  of  engine 

(7)  Date  

(8)  Duration   hr. 

(9)  Kind  of  coal 

(10)  Size  of  coal 

AvEEAGE  Pressures  and  Temperatures 

(11)  Pressure  of  gas  near  throttle  valve •. .  .in. 

(12)  Barometric  pressure in. 

(13)  Temperature  of  cooling  water  leaving  engine deg. 

( 14)  Temperature  of  air  in  room deg. 

Total  Quantities 

(15)  Weight  of  coal  as  charged lb. 

(16)  Percentage  of  moisture  in  coal per  cent 

(17)  Total  weight  of  dry  coal  consumed lb. 

(18)  Total  ash  and  refuse lb. 

(19)  Percentage  of  ash  and  refuse  in  dry  coal per  cent 

(20)  Calorific  value  of  1  lb.  of  dry  coal  by  calorimeter  test B.t.u. 

(21)  Cost  of  coal  per  ton  of  . ; . .  lb dollars 

Hourly  Qtantities 

(22)  Dry  coal  consumed  per  hour lb. 

(23)  Dry  coal  per  sq.  ft.  of  main  fuel  bed  per  hour lb. 

Indicator  Diagrams 

(24)  Mean  effective  pressure  in  lb.  per  sq.  in lb. 

Speed  and  Explosions 

(25)  Revolutions   per   minute rev. 

(26)  Number  of  explosions  per  minute 

Power 

(27)  Indicated  horsepower  developed  by  engine i.h.p. 

Economy  Results 

(28)  Dry  coal  consumed  per  i.h.p.  per  hour lb. 

(29)  Cost  of  coal  per  i.h.p.  per  hour dollars 

(30)  Heat  units  consumed  per  i.h.p.  per  hour  (Line  20  x  Line  28)  . . .  .B.t.u. 

Note:   For  an  engine  driving  an  electric  generator,  the  form  may  be  enlarged  to  include  elec- 
trical data  in  the  manner  given  in  the  code  for  Complete  Steam  Power  Plants,  page  1755. 
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RULES  FOR  CONDUCTING  TESTS  OF  WATERWHEELS 
1     INTRODUCTION 

Waterwheel  tests  may  be  divided  into  two  classes,  one  of  which 
may  be  termed  "shop"  tests  and  the  other  "field"  tests.  The  former 
refer  to  those  which  are  conducted  in  a  plant  devoted  exclusively  to 
testing  work,  and  the  latter  to  tests  of  the  wheel  in  its  permanent 
location.  The  Holyoke  Water  Power  Company's  testing  flume  is  an 
example  of  a  shop-testing  plant,  being  one  which  is  equipped  for 
turbine  water  wheels  of  any  size  up  to  300  h.p.  at  18-ft.  head.  This 
plant,  it  is  understood,  is  also  the  only  one  of  the  kind  in  the  country 
which  is  available  for  commercial  work.  Under  these  circumstances 
there  seems  to  be  no  call  at  the  present  time  (1912)  for  a  general  code 
of  rules  applying  to  tests  of  that  character.  The  tests  to  which  the 
following  code  refers  are  therefore  limited  to  field,  tests;  the  wheel 
being  in  place,  and  operating  so  far  as  possible  under  the  conditions 
of  service  for  which  it  was  installed. 

2     OBJECT  AND  PREPARATIONS 

The  usual  object  of  a  waterwheel  test  in  the  field  is  the  determina- 
tion of  the  capacity  and  efiiciency  of  the  wheel  at  various  gate  open- 
ings and  if  practicable  at  various  speeds,  as  compared  with  standard 
or  guaranteed  performance.  Having  determined  the  object,  what- 
ever it  may  be,  take  the  dimensions,  note  the  physical  condition  of 
the  wheel  and  of  the  plant  throughout,  install  the  testing  appliances, 
etc.,  following  the  general  instructions  given  on  pages  1689,  1690, 
1691,  1702  and  1703,  so  far  as  they  pertain  to  the  work  in  hand, 
and  make  preparations  for  the  test  accordingly. 

The  most  important  preparations  are  those  which  relate  to  the 
determination  of  the  power  developed  by  the  wheel,  and  the  quantity 
of  water  which  it  consumes.  The  nature  of  these  preparations  is 
governed  altogether  by  the  character  of  the  equipment.  As  regards 
power  determination,  the  simplest  method  is  the  one  applying  to  a 
case  where  the  wheel  drives  an  electric  generator  and  the  power  is 
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measured  by  calculation  from  the  electrical  output.  Another  simple 
method  is  one  which  may  be  used  where  the  wheel  serves  as  an  aux- 
iliary to  steam  power,  and  the  output  is  determined  by  ascertaining 
the  difference  between  the  indicated  horsepower  developed  by  the 
engine  when  the  wheel  is  on  and  that  developed  when  the  wheel  is  off. 
Another  method  which  is  applicable  to  almost  any  situation  where 
there  is  room,  although  the  most  difficult  of  the  three,  is  the  use  of 
a  friction  brake  attached  to  the  waterwheel  shaft,  being  arranged  so 
as  to  take  the  place  of  a  section  of  the  shaft  which  may  temporarily 
be  removed.  As  to  preparation  for  water  measurement,  the  desir- 
ability of  preserving  ohe  maximum  head  of  water  usually  makes  it 
necessary  to  gage  the  stream  supplied  to  the  wheel  or  the  stream  leav- 
ing it,  and  to  select  or  prepare  for  this  purpose  a  sufficient  length  of 
canal  having  a  uniform  cross-section  to  determine  the  required 
velocity  by  float  measurement.  Another  method  consists  in  the  use 
of  current  meters  or  pitometers  which  have  been  properly  calibrated. 
In  cases  where  some  part  of  the  head  may  be  sacrificed  either  in  the 
head  race  or  tail  race,  the  measurement  may  be  made  by  the  insertion 
of  a  suitable  weir. 

3     APPARATUS  AND  INSTRUMENTS 

The  apparatus  and  instruments  required  for  a  capacity  and 
efficiency  test  of  a  waterwheel  are: 

(a)  A  friction  bi*ake,  steam  engine  indicators,  or  electrical  instruments, 
depending  on  the  character  of  the  equipment 

(b)  Graduated  scales  showing  the  heights  of  water  in  the  flume  above 
the  wheel  and  in  the  discharge  pit  beneath 

(c)  One  or  more  current  meters  or  other  apparatus  for  ascertaining 
the  velocity  of  the  water ;  or  a  weir 

Directions  for  the  use  of  these  appliances  may  be  found  on  pages 
1699  to  1701  and  in  Appendices  Nos.  18,  19,  21,  and  5. 

It  is  of  the  greatest  importance  that  the  water  measured  is  that 
which  is  consumed  wholly  by  the  wheel.  If  water  leaks  by  without 
going  through  the  wheel,  the  quantity  of  leakage  should  be  deter- 
mined by  independent  measurement  when  the  wheel  is  entirely  shut 
off;  in  which  case  the  gross  quantity  is  corrected  accordingly. 

4     DURATION 

The  duration  of  a  simple  efficiency  test  of  a  waterwheel  depends 
mainly  upon  the  method  of  water  measurement  employed,  and  the 
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time  required  to  obtain  a  sufficient  number  of  observations  to  insure 
a  reliable  average.  After  the  desired  load  and  other  conditions  have 
been  obtained,  continuous  observations  and  measurements  for  a 
period  of  15  minutes  is  sufficient  for  all  practical  purposes,  provided 
the  water  is  measured  by  a  weir,  but  a  longer  time  is  necessary  when 
other  methods  of  measurement  are  used. 


5    RECORDS 

The  records  should  be  obtained  in  a  manner  conforming  to  the 
principles  explained  on  page  1703.  Readings  of  the  weight  on  the 
brake  arm,  levels  of  water  in  the  flume  and  discharge  pit,  indications 
of  the  current  meters,  and  revolutions  per  minute,  should  be  taken 
every  five  minutes,  and  at  more  frequent  intervals  if  they  show 
much  fluctuation.  In  case  of  float  measurement,  repeated  observa- 
tions should  be  made  one  after  the  other  throughout  the  whole 
period  of  the  trial. 

0    CALCULATION  OF  RESULTS 

The  total  average  head  of  water  on  the  wheel  is  obtained  by  addiijg  to- 
gether the  reading  of  the  scale  in  the  flume  and  the  vertical  distance 
between  the  zero  of  this  scale  and  that  of  the  scale  in  the  discharge 
pit,  and  subtracting  the  reading  of  the  latter  scale,  both  readings 
being  taken  in  reasonably  still  water. 

The  velocity  of  water  in  the  measuring  canal  is  found  by  averag- 
ing the  readings  obtained  at  several  points  extending  over  the  whole 
width  of  the  canal. 

The  cubic  feet  of  water  consumed  per  minute  is  obtained  by  mul- 
tiplying the  cross-section  of  the  stream  in  square  feet  by  the  velocity 
of  the  water  in  feet  per  minute,  determined  as  stated  above. 

The  total  power  of  water  available  is  obtained  by  multiplying  the 
net  weight  of  water  in  pounds  consumed  ijer  minute  by  the  total 
average  head  in  feet  on  the  wheel,  and  dividing  the  product  by  33,000. 

The  brake  horsepower  delivered  by  the  wheel  is  found  by  multi- 
plying the  net  weight  on  the  brake  arm  in  pounds  by  the  circumfer- 
ence of  the  corresponding  circle  in  feet  and  by  the  number  of  revolu- 
tions per  minute,  and  dividing  the  final  product  by  33,000. 

7     DATA  AND  RESULTS 

The  data  and  results  should  be  reported  in  accordance  with  the 
form  given  herewith,  adding  lines  for  data  not  provided  for  or  omit- 
ting those  not  required,  as  may  conform  with  the  object  in  view: 
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DATA     AND     RESULTS     OF     WATEKWHEEL    TEST     ADAPTED     TO 
BRAKE  MEASUREMENT  OF  POWER 

CODE  OF  1912 

(1)  Test  of water  wheel  located  at 

to  determine ,  conducted  by 

(2)  Type  of  wheel  and  class  of  service 

(8)  Type  of  generator,  if  any,  kind  of  current,  etc 

(4)  Rated  power  of  wheel h.p. 

(5)  Cross-section  of  stream  where  velocity  of  water  is  measured. .  .sq.  ft. 

General  Data 

(6)  Date   

(7)  Duration  of  period  covei'ed  by  test hr. 

(8)  Average  net  weight  on  brake  arm lb. 

(9)  Average  revolutions   per   minute r.p.m. 

(10)  Total  average  head  of  water  on  wheel ft. 

(11)  Average  velocity  of  water  per  minute  in  measuring  canal ft. 

(12)  Cu.  ft.  of  water  consumed  per  minute cu.  ft. 

(13)  Weight  of  water  consumed  per  minute  (Line  12  x  62.35) lb. 

(14)  Leakage  per  minute lb. 

(15)  Net  water  consumed  per  minute  (Line  13  —  Line  15) lb. 

POWEE 

(16)  Total  power  of  water  available h.p. 

(17)  Brake  horsepower  delivered  by  wheel br.  h.p. 

Efficiency 

(18)  Efficiency  of  wheel  (Line  17  h-  Line  16) per  cent 
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APPENDIX  NO.  1 


CLEARANCE  MEASUREMENT  BY  WATER 

To  lueasure  the  clearance  by  actual  test,  the  engine  is  carefully  set  on 
rhe  center,  with  the  piston  at  the  end  where  the  measurement  is  to  be 
taken.  Assuming,  for  example,  a  Corliss  engine,  the  best  method  is  to  re- 
move the  steam  valve  so  as  to  have  access  to  the  whole  steam  port,  and  then 
till  up  the  clearance  space  with  water,  which  is  poured  into  the  open  port 
through  a  funnel.  The  water  is  drawn  from  a  receptacle  containing  a 
quantity  previously  measured.  When  the  whole  space,  including  the  port, 
is  completely  filled,  the  quantity  left  is  measured,  and  the  difference  shovi'S 
the  amount  which  has  been  poured  in.  The  measurement  can  be  easily 
made  by  weighing  the  water,  and  the  corresponding  volume  determined  by 
calculation,  making  proper  allowance  for  its  temperature.  The  propor- 
tion required  is  the  volume  in  cu.  in.  thus  found,  divided  by  the  volume 
of  the  piston  displacement,  also  in  cu.  in.,  and  the  result  expressed  as  a 
decimal.  In  this  test  care  should  be  taken  that  no  air  is  retained  in  the 
clearance  space  when  it  is  filled  with  water. 

The  only  difficulty  in  measuring  the  clearance  in  this  way  is  that  occur 
ring  when  the  exhaust  valves  and  piston  are  not  tight,  and  the  water 
poured  in,  flows  away  and  is  lost.  If  the  leakage  is  serious,  no  satisfac- 
tory measurement  can  be  made,  and  it  is  better  to  depend  upon  the  volume 
calculated  from  the  drawing.  If  not  too  serious,  however,  an  allowance 
can  be  made  by  observing  the  length  of  time  consumed  in  pouring  in  the 
water ;  then,  after  a  portion  of  the  water  has  leaked  out,  fill  up  the  space 
again,  taking  the  time  and  measuring  the  quantity  thus  added,  determining 
in  this  way  the  rate  of  leakage.  Data  will  thus  ))e  obtained  for  the  de- 
sired correction. 
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LEAKAGE  TESTS  OF  ENGINES,  INCLUDING  TIME  METHOD 

The  method  of  testing  the  valves  and  pistons  for  leakage  in  a  Corliss 
engine,  or  one  in  which  the  admission  valves  can  be  operated  independently 
of  the  exhaust  valves,  is  as  follows  : 

First  close  the  two  steam  valves,  open  the  two  indicator  cocks,  and  ad- 
mit a  full  pressure  of  steam  into  the  chest  by  opening  the  throttle  valve. 
The  movement  of  the  starting  bar,  first  one  way  and  then  the  other,  so  as 
to  close  one  exhaust  valve  and  then  the  other,  causes  the  leakage  through 
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the  steam  valves  to  escape  from  the  opeu  indicator  cock,  where  it  becomes 
visible.  The  quantity  of  leakage  is  judged  by  the  force  of  the  current  of 
steam  blowing  out. 

To  test  the  exhaust  valves  and  piston,  block  the  flywheel  so  that  the  pis- 
ton will  be  at  a  short  distance  from  the  end  of  the  stroke,  and  turn  on  the 
steam.  The  leakage  escapes  to  the  exhaust  pipe,  and  can  be  observed  at 
the  open  atmospheric  outlet.  If  the  outlet  is  not  visible,  and  there  is  a 
valve  in  the  exhaust  pii^e,  this  can  be  shut  and  the  indicator  cock  opened, 
thereby  deflecting  the  steam  which  leaks,  and  causing  it  to  appear  at  the 
indicator  cock.  In  a  condensing  engine  where  no  atmospheric  pipe  is  pro- 
vided, and  there  is  no  ouening  that  can  be  made  in  the  exhaust  pii^e  in 
front  of  the  condenser,  some  idea  can  be  obtained  in  regard  to  the  amount 
of  leakage  by  observing  how  rapidly  the  condenser  is  heated. 

It  is  well  to  make  these  tests  with  the  piston  in  different  positions,  so  as 
to  cover  the  whole  range  of  the  length  of  the  stroke. 

Another  method  of  testing  leakage  is  called  the  "  time  inethod."  Instead 
of  observing  the  steam  that  actually  blows  through  the  valves  or  piston  to 
be  tested,  they  are  subjected  to  full  steam  pressure,  and  when  the  parts 
are  thoroughly  heated,  the  throttle  valve  is  shut  and  the  length  of  time  ob- 
served which  is  required  for  the  pressure  to  disappear.  In  testing  the 
piston  and  exhaust  valves,  the  flywheel  is  blocked  as  before,  and,  prefer- 
ably, as  indicator  is  attached,  and  a  line  drawn  on  a  blank  card  at  inter- 
vals of,  say,  one-quarter  of  a  minute  after  the  valve  is  shut,  thereby  making 
a  record  of  the  fall  of  the  pressure.  In  a  tight  engine  the  fall  of  the  pres- 
sure is  slow,  whereas  in  a  leaky  engine  it  is  sometimes  very  rapid.  The 
relative  condition  of  the  engine  as  compared  with  a  tight  engine  must  be 
judged  by  an  observer,  who  must,  of  course,  have  had  experience  in  tests 
of  this  kind  on  engines  in  various  conditions. 

The  leakage  of  a  piston  can  always  be  determined  by  removing  the  cyl- 
inder head  and  observing  what  blows  through  the  open  end  with  the  pres- 
sure of  steam  behind  it.  The  advantage  of  the  time  method  is  that  it  saves 
the  labor  and  time  required  in  removing  the  cylinder  head  and  replacing  it. 
which,  in  cases  of  large  engines,  is  considerable. 

Leakage  tests  of  single-valve  engines  cannot  be  made  as  satisfactorily  as 
those  of  the  Corliss  type  and  other  four-valve  engines.  The  best  that  can 
be  done  as  regards  the  valve  is  to  place  it  at  or  near  the  center  of  its  travel, 
covering  both  ports,  and  then  make  the  test  under  full  pressure.  The  valve 
and  piston  can  be  tested  as  a  whole  by  blocking  the  flywheel  and  opening 
the  throttle  valve  in  the  same  way  as  in  other  engines.  In  locomotives 
leakage  will  be  revealed  by  the  escape  of  steam  at  the  top  of  the  smoke 
stack. 

In  testing  compound  engines  for  leakage,  the  work'is  somewhat  simplified 
in  case  of  any  one  cylinder,  as  compared  with  a  single  engine.  For  ex- 
ample, leakage  of  the  high-pressure  cylinder  can  be  revealed  by  opening  the 
indicator  cock  on  the  proper  end  of  the  low-pressure  cylinder,  the  stetim 
valve  of  that  cylinder  being  open.  The  test  of  leakage  of  the  low-pressure 
exhaust  valves  and  piston  when  the  time  method  is  used  can  be  based  on 
the  indications  of  the  receiver  gage,  instead  of  using  an  indicator.  In  that 
case  the  fall  of  the  pressure  due  to  leakage  is  read  directly  from  the  gage. 

The  tests  thus  far  referred  to  are  qualitative,  and  not  quantitative.  It  is 
practical  in  some  cases  to  determine  the  quantity  of  leakage  under  any  set 
of  conditions  liy  collecting  the  steam  which  passes  through,  condensing  it 
and  weighing  it.     This  can  be  readily  done  when  there  is  a  surface  con- 
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denser,  and  it  can  be  done  in  the  absence  ul'  such  a  condenser  by  attaching 
a  small  pipe  to  the  exhaust,  and  carrying  the  steam  which  escapes  into  a 
tank  of  water  and  condensing  it.  How  much  dependence  can  be  placed 
upon  the  results  of  such  a  quantitative  test  as  showing  the  actual  quantity 
of  leakage  which  occurs  when  the  valves  and  pistons  are  in  motion  must 
be  left  to  the  judgment  of  the  person  who  makes  the  test. 

In  Corliss  engines  the  leakage  of  the  piston  with  the  engine  in  operation 
can  be  observed  by  removing  the  cylinder  head,  disconnecting  the  steam  and 
exhaust  valves  at  the  head  end,  and  setting  the  engine  to  work  with  steam 
admitted  at  the  crank  end. 


APPENDIX  NO.  3 

GENERAL   PRECAUTIONS   REGARDING   LEAKAGE   AND   METHODS 
OF  MEASURING  LEAKAGE 

(a)     Leakage 

It  is  not  always  necessary  to  blank  off  a  connecting  pipe  to  make  sure 
(hat  there  is  no  leakage  through  it.  If  satisfactory  assurance  can  be  had 
that  there  is  no  chance  for  leakage,  this  is  sufficient.  For  example,  where 
a  straightway  valve  is  used  for  cutting  off  a  connecting  pipe,  and  this  valve 
has  double  seats  with  a  hole  in  the  bottom  between  them,  this  being  pro- 
vided with  a  plug  or  pet  cock,  assurance  of  the  tightness  of  the  valve  when 
closed  can  be  had  by  removing  the  plug  or  opening  the  cock.  Likewise,  if 
there  is  an  open  drip  pipe  attached  to  an  unused  or  empty  section  of  pipe 
beyond  the  valve,  the  fact  that  no  water  escapes  here  is  sufficient  evidence 
of  the  tightness  of  the  valve.  The  main  thing  is  to  have  positive  evidence 
in  regard  to  the  tightness  of  the  connections,  such  as  may  be  obtained  by 
the  means  suggested  above ;  but  where  no  positive  evidence  can  be  obtained. 
or  where  the  leakage  that  occurs  cannot  be  measured,  it  is  of  the  utmost 
importance  that  the  connections  should  be  broken  and  blanked  off. 

Leakage  of  relief  valves  which  are  not  tight,  drips  from  traps,  separators, 
etc.,  and  leakage  of  tubes  in  the  feedwater  heater  must  all  be  guarded 
against  or  measured  and  allowed  for. 

It  Is  well,  as  an  additional  precaution,  to  test  the  tightness  of  the  feed- 
water  pipes  and  apparatus  concerned  in  the  measurement  of  the  water  by 
running  the  pump  at  a  slow  speed  for,  say,  fifteen  minutes,  having  first 
shut  the  feed  valves  at  the  boilers  and  making  sure  they  are  tight.  Leak- 
age will  be  revealed  by  disappearance  of  water  from  the  supply  tank.  In 
making  this  test,  a  gage  should  be  placed  on  the  pump  discharge  to  guard 
against  undue  or  dangerous  pressure. 

(6)     Water  Glass  Tests  of  Leakage 

To  determine  the  leakage  of  steam  and  water  from  a  boiler  and  steam 
pipes,  etc.,  the  water-glass  method  may  be  satisfactorily  employed.  This 
consists  of  shutting  off  all  the  feed  valves  (whicti  must  be  known  to  be 
tight)  and  the  main  feed  valve,  thereby  stopping  absolutely  the  entrance  or 
exit  of  water  at  the  feed  pipes  to  the  boiler;  then  maintaining  the  steam 
pressure  (by  means  of  a  very  slow  fire)  at  a  fixed  point,  which  is  approxi- 


1826  REPORT    OF    POWER   TEST   COMMITTEE 

lualely  Ui.'it  of  the  working  prossuro.  ;ni(l  observing  the  rate  at  whic-h  the 
water  falls  in  the  gage  glasses.  It  is  well,  in  this  test,  as  iu  other  work  of 
this  character,  to  make  observations  every  ten  minutes,  and  to  continue 
them  for  such  length  of  time  that  the  differences  between  successive  read- 
ings attain  a  constant  rate.  In  raauj^  cases  the  conditions  will  have  become 
constant  at  the  expiration  of  fifteen  minutes  from  the  time  of  shutting  the 
valves,  and  thereafter  the  fall  of  water  due  to  leakage  of  steam  and  water 
become  approximately  constant.  It  is  usually  sufficient,  after  this  time,  to 
continue  the  test  for  two  hours,  thereby  obtaining  a  number  of  half-hourly 
periods.  When  this  test  is  finished,  the  quantity  of  leakage  is  ascertained 
by  calculating  the  volume  of  water  which  has  disappeared,  using  the  area 
of  the  water  level  and  the  depth  shown  on  the  glass,  making  due  allowance 
for  the  weight  of  one  cubic  foot  of  water  at  the  observed  pressure.  The 
water  columns  should  not  be  blown  down  during  the  time  a  water-glass 
test  is  going  on,  nor  for  a  period  of  at  least  one  hour  before  it  begins. 

If  there  is  opportunity  for  condensation  to  occur  and  collect  in  the  steam 
pipe  during  the  leakage  test,  the  quantity  should  be  determined  as  closely 
as  desirable,  and  properly  allowed  for. 

(c)     Surface  Condenser  Tests 

In  making  an  engine  test  where  the  steam  consumption  is  determined 
from  the  amount  of  water  discharged  from  a  surface  condenser,  leakage  of 
the  piston  rods  and  valve  rods  should  be  guarded  against ;  for  if  these  are 
excessive,  the  test  is  of  little  use.  as  the  leakage  consists  partly  of  steam 
that  has  already  done  work  in  the  cylinder  and  of  water  condensed  from 
the  steam  when  in  contact  with  the  cylinder.  If  such  leakage  cannot  be 
prevented,  some  allowance  should  be  made  for  the  quantity  thus  lost.  The 
weight  of  water  as  shown  at  the  condenser  must  be  increased  by  the  quan- 
tity allowed  for  this  leakage. 
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CALIBRATING  WATER  METERS 

Referring  to  Fig.  2.  two  tees  A  and  B  are  placed  in  the  feed  pipe,  and  be- 
tween them  two  valves  C  and  D.  The  meter  is  connected  between  the  out- 
lets of  the  tees  A  and  B  and  the  valves  E  and  F  are  placed  one  on  each 
side  of  the  meter.  When  the  meter  is  running,  the  valves  E  and  F  are 
opened,  and  the  valves  C  and  D  closed.  A  small  bleeder  G  is  kept  open  to 
make  sure  that  there  is  no  leakage.  A  gage  is  attached  at  H.  When  the 
meter  is  tested,  the  valves  C,  D,  and  F  are  closed,  and  the  valves  E  and  / 
are  opened.  The  water  flows  from  the  valve  /  to  a  tank  on  platform  scales. 
In  testing  the  meter,  the  water  is  throttled  at  the  valve  /  to  obtain  the  de- 
sired rate  of  discharge,  the  gage  meanwhile  showing  the  working  pressure. 
The  piping  leading  from  the  valve  /  to  the  tank  is  arranged  with  a  swing- 
ing joint,  consisting  merely  of  a  loosely  fitting  elbow,  so  that  it  can  be  read- 
ily turned  into  the  tank  or  away  from  it.  When  the  desired  speed  has  been 
secured,  the  end  of  tiie  pipe  is  swung  into  the  tank  at  the  instant  the  pointer 
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of  the  meter  is  opposite  some  graduation  mark  on  the  dial.  When  the  re- 
quired number  of  cubic  feet  are  discharged,  the  pipe  is  swung  away.  The 
tests  should  start  and  stop  at  the  same  graduation  marlc  on  the  first  dial, 
and  continued  until  at  least  10  or  20  cu.  ft.  are  discharged  for  one  test.  The 
tank  is  weighed  bofoi-e  and  after  filling. 

The  water  passing  the  meter  should  always  be  under  pressure  so  that  any 
air  in  the  meter  may  be  discharged  (hrongh  the  vents  provided  for  this  pur- 
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Fig.  2     Meter  Calibration 


pose.  Care  should  be  taken  that  there  is  no  unnecessary  air  drawn  into  the 
feed  water.  The  meter  should  be  tested  before  and  after  the  trial,  and  re- 
peated calibrations  should  be  made  to  obtain  confirmative  results. 

Fig.  2*  and  the  description  apply  to  a  piston  meter,  but  any  other  type  of 
meter  carrying  water  under  pressure  may  be  calibrated  in  the  same  manner. 


APPENDIX  NO.  5 

MEASUREMENTS    OF    WATER    BY    MEANS    OF    WEIRS,    VENTURJ 

METERS,    ETC. 
Weirs 

The  measurement  of  water  by  the  use  of  weirs  may  be  based  on  Fran- 
cis' experiments,  an  account  of  which  is  given  in  Lowell's  Hydraulic  Experi- 
ments.'   These  resulted  in  the  formula 


Q  =  3.33  (L  —  0.2.ff)  X  H' 


♦Reproduced  from  Trans.  Am.  Soc.  M.  E.,  vol.  24,  p.  724,  fig.  118. 
'  D.   Van   Nostrand. 
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in  which  Q  is  the  discharge  in  cu.  ft.  per  second,  L  the  length  of  the  weir 
in  ft.,  and  11  the  dei)th  of  water  on  the  weir  in  ft.  The  coefficient,  3.38 
was  obtained  from  the  mean  of  8S  experiments,  the  greatest  variation  from 
the  mean  in  any  individual  case  being  1  per  cent.  The  length  of  the  weir, 
in  all  but  six  of  the  experiments,  was  approximately  10  ft.  The  depth  of 
water  on  the  weir  varied  from  7  to  19  in.  The  formula  applies  to  that  type 
of  weir  having  perfect  contraction  at  each  end,  which  was  tlie  form  used 
in  65  experiments. 

The  weir  was  of  rectangular  cross-section,  with  a  horizontal  crest  and 
vertical  ends.  The  upper  edge  was  made  of  cast  iron,  and  the  corner  pre- 
sented to  the  current  was  square  and  sharp.  The  horizontal  part  of  the 
crest  was  i/i  in-  wide,  and  the  remaining  part  was  bevelled  off  at  an  angie 
of  45  deg.  The  ends  were  of  similar  cross-section  to  the  crest.  The  depth 
on  the  weir  was  taken  by  means  of  hook  gages,  (J  ft.  from  the  weir,  these 
gages  being  placed  in  wooden  boxes  situated  on  the  sides  of  the  canal  and 
communicating  with  the  water  through  small  openings.  Vertical  gratings, 
for  overcoming  eddies  in  the  current,  were  provided  above  the  gages.  The 
distance  from  the  side  of  the  canal  to  the  end  of  the  weir  was  about  2  ft., 
and  the  depth  of  the  canal  below  the  crest  was,  in  most  of  the  experiments, 
about  5  ft. 

The  Francis  formula  is  applicable  only  to  cases  similar  to  those  described. 
According  to  Mr.  Francis'  statement,  it  cannot  be  applied  where  rne  depth 
on  the  weir  exceeds  one-third  of  the  length,  nor  to  very  small  depths.  Fur- 
thermore, the  distance  from  the  side  of  the  canal  to  the  end  of  the  weir 
should  not  be  less  than  three  times  the  depth  on  the  weir. 

In  using  the  formula,  the  depth  should  be  corrected  for  the  head  due  to 
the  velocity  of  approach,  according  to  the  formula 

E'  = 


.  =  [(...y-/] 


in  which  IV  is  the  corrected  depth,  H  the  observed  depth,  and  //  the  head 
due  to  the  velocity  of  approach.  This  last  may  be  determined  from  the 
formula 

/.=   Jl 
64.3 

in  which  V  is  the  velocity  of  approach  in  ft,  per  second,  which  may  be  de- 
termined by  dividing  the  uncorrected  discharge  of  water,  in  cu,  ft.  per  sec- 
ond, by  the  area  of  the  cross-section  of  the  steam  flowing  through  the  canal, 
in  sq.  ft. 

Refer  also  to  the  experiments  on  weirs  made  by  Hamilton  Smith,  Jr., 
described  in  Smith's  Hydraulics,  and  to  those  made  by  Fteley  and  Stearns, 
described  in  the  Transactions  of  the  American  Society  of  Civil  Engineers, 
1883. 

Venturi  Tubes 

According  to  Hei'scliel's  experiments,  described  in  the  Transactions  of 
the  American  Society  of  Civil  Engineers.  November  1887  and  January  1S88, 
a  venturi  tube  inserted  in  a  force  main  may  be  used  for  determining  the 
quantity  of  water  discharged  by  a  pumping  engine.  Such  a  tube,  applied, 
for  example,  to  a  24-in.  main,  has  a  total  length  of  about  20  ft.  At  a  dis- 
tance of  4  ft.  from  the  end  nearest  the  engine,  the  inside  diameter  of  the 
tube  is  contracted  to  a  throat  having  a  diameter  of  about  8  in.     A  pressure 


APPENDICES  1829 

gage  is  attached  to  each  of  two  chambers,  the  one  surrounding  and  com- 
uuinicating  with  the  entrance,  or  maiji  pipe,  the  other  with  the  throat.  Ex- 
periments made  upon  two  tubes  of  this  Ivind,  one  of  which  was  4  in.  in 
diameter  at  tlie  throat  and  12  in.  at  its  entrance,  and  the  other  about  36 
in.  in  diameter  at  the  throat  and  9  ft.  at  its  entrance,  sliowed  that  the  (piau- 
tity  of  water  which  jiasses  tlirough  tlie  tube  is  very  nearly  tlie  theoretical 
discharge  through  an  opening  having  an  area  eciual  to  that  of  the  throat, 
and  a  velocity  that  due  to  the  difference  in  head  shown  by  the  two  gages. 
Mr.  Ilerschel  states  that  the  coetHcient  for  these  two  widely  varying  sizes 
of  tubes  and  for  a  wide  I'ange  of  velocity  through  the  pipe  was  found  to  be 
within  2  per  cent,  either  way,  of  9S  per  cent.  In  other  words,  the  quantity 
of  water  flowing  through  the  tube  per  second  is  expressed  within  2  per 
cent  by  the  formula 

W  =  0.98  X  A  X  \/2ghr 

in  which  A  is  the  ai'ea  of  the  throat  of  the  tube,  and  h  the  head,  in  ft., 
corresponding  to  the  difference  in  the  pressure  of  the  water  entering  the 
tube  and  that  found  at  the  throat. 

The  substantial  reliability  of  venturi  meters  of  small  size  (6  in.  at  en- 
trance and  2  in.  at  throat),  such  as  are  readily  calibrated,  furnishes 
strong  evidence  of  the  practicability  of  this  method  of  measurement  for 
pumping  engines. 

Nozzles 

The  measurement  of  water  by  computation  from  its  discharge  through 
the  nozzles  of  Are  hose,  furnishes  a  means  of  determining  the  quantity  of 
water  delivered  by  a  pumping  engine  which  can  be  applied  without  much 
difficulty.  Freeman's  investigatioiis  upon  fire  nozzles,  described  in  the 
Transactions  of  the  American  Society  Civil  Engineers,  November,  1889. 
which  covered  a  wide  range  of  i)ressures  and  sizes,  showed  that  the  co- 
efficient of  discharge  for  a  smooth  nozzle  of  ordinary  good  form  was  within 
1/3  of  1  per  cent,  either  way,  of  0.977 ;  the  diameter  of  the  nozzle  being  accu- 
rately calipered,  and  the  pressures  being  determined  by  means  of  an  accu- 
rate gage  attached  to  a  suitable  piezometer  at  the  base  of  the  play  pipe. 

To  use  this  method  the  water  should  be  conducted  to  a  pressure  box  and 
as  many  nozzles  attached  to  the  box  as  would  be  required  to  carry  off  the 
water.  Four  ^v^-in.  nozzles,  with  a  pressure  of  80  lb.  per  sq.  in.,  would  dis- 
charge the  full  capacity  of  a  2.500.000  gal.  engine. 

Orifice  Formula 

The  quantity  of  water  flowing  through  an  orifice  into  the  open  air,  ex- 
pressed in  cu.  ft.  ])Pr  second,  may  be  calculatefl  by  the  use  of  the  formula 

8.02  AC\jir 
in  which  .1  is  the  area  of  the  orifice  in  sq.  ft.,  C,  a  coefficient  depending  on 
the  form  of  the  orifice  and  velocity  of  approach,  and  H,  the  head  over  the 
center  of  the  orifice  measured  in  ft.  For  an  orifice  located  in  the  side  of  a 
tank,  and  consisting  of  a  circular  opening  in  a  thin  metal  plate  with  a 
smooth  sharp  edge,  the  value  of  the  coefficient  is  very  close  to  O.G.  (See 
Hamilton   Smith.   .Tr.'s.   work   on    Hydraulics.) 
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F'loat  Hods  and  Currcnl   Meters 

The  velocity  of  water  tlovviug  in  ;i  stream  may  be  obtained  indirectly  by 
the  use  of  Hoat  rods,  and  directly  by  means  of  current  meters. 

Float  rods  may  be  patterned  after  those  used  in  Francis's  experiments, 
which  consisted  of  tin  tubes,  2  in.  in  diameter,  the  lower  euds  being  loaded 
so  as  to  float  upright,  and  the  upper  ends  standing  a  few  inches  out  of 
water.  They  were  used  at  each  foot  of  width  of  the  canal,  the  length  of 
run  being  70  ft.,  and  the  time  was  recorded  on  a  chronograph.  The  mean 
velocity  ranged  from  0.5  ft.  to  5  ft.  per  second,  the  number  of  experiments 
being  115.  It  was  found  that  if  the  lower  euds  of  the  rods  did  not  extend 
to  near  the  bottom  of  the  canal,  the  observed  velocity  should  be  multiplied 
by  a  coefficient  obtained  from  the  formula 

1  —  0.116   (V^—  0.1) 
in  which  D  is  the  proportionate  part  of  the  total  depth  of  the  water  not 
reached  by  the  float.    If  for  example  the  immersed  part  of  the  float  is  0.9 
of  the  total  depth,  D  is  0.1  and  the  coefficient  becomes  1  —  0.024  =  0.976. 

A  current  meter  consists  essentially  of  a  small  screw  propeller  which  is 
operated  by  the  current  of  flowing  water  in  which  it  is  immersed,  the  revo- 
lutions being  shown  on  a  dial  placed  at  some  convenient  point  to  which  the 
motion  is  transmitted  electrically.  The  speed  of  revolution  of  the  propeller, 
referred  to  a  rating  table,  shows  the  velocity  of  the  water.  The  Price 
electric  meter  is  an  example  of  a  satisfactory  instrument  for  this  purpose. 
Whatever  type  of  meter  is  used,  its  rating  should  be  checked  by  calibration 
under  conditions  which  are  substantially  the  same  as  those  occurring  on 
the  waterwheel  test,  especiallj'  those  pertaining  to  depth  of  immersion  and 
average  velocity.  The  method  of  calibration  considered  most  reliable  is 
that  which  is  carried  on  by  moving  the  meter  through  still  water  at  a 
known  velocity. 

For  further  information  regarding  these  and  other  methods  of  meaeuring 
the  velocity  of  water,  reference  may  be  made  to  Water  Supply  and  Irriga- 
tion Paper  No.  95,  U.  S.  Geological  Survey,  published  in  1904,  on  the  sub- 
ject. Accuracy  of  Stream  Measurements. 
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PITOT  TUBES  FOR  GAS  AND  AIR  MEASUREMENT 

A  form  of  pitot  tube  suitable  for  measuring  the  velocity  of  gas  or  air 
moving  in  a  pipe  is  illustrated  in  principle  in  Fig.  3.  This  consists  of  a 
small  tube  A,  which  is  inserted  in  such  a  position  that  the  open  end  point» 
toward  the  current  of  gas  or  air,  thereby  receiving  the  full  impact  which 
the  current  produces.  Surrounding  this  tube  is  an  annular  chamber  or 
jacket  B,  which  communicates  with  the  outside  space  by  means  of  four 
small  holes  C,  D,  E,  and  F,  two  on  each  side.  By  means  of  the  small  pipes 
O  and  H,  the  inner  tube  and  the  outer  jacket  are  connected  respectively  to 
the  two  legs  of  a  U-tube  manometer,  as  shown  in  Fig.  4. 

The  in-essnre  shown  by  the  manometer,  or  what  is  called  the  velocity- 
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pressure,  is  tluit  due  to  the  difference  in  pressure  :i(  (lie  two  points,  the 
inner  tube  A  being  subjected  to  the  sum  of  (lie  static  and  velocity  pressures, 
and  the  annular  jacket  B  to  the  static  pressure  alone.  The  velocity  cor- 
respouding  to  the  difference  of  pressure  shown  is  computed  by  using  the 
formula 


Fig.  3  riTox  Tube 


^1 


ITiG.  4     PiTOT  Tube  as  Installed 


in  which  H  = 


Velocity  per  minute  =  60  V2  gH 
Velocity-presssure  in  lb.  per  sq.  ft. 


Weight  of  1  cu.  ft.  of  gas  or  air. 
The  velocity-pressure  in  lb.  per  sq.  ft.  is  found  by  multiplying  the  Indica- 
tion of  the  manometer  P  in  in.  of  water  by  the  constant  5.196.     By  sub- 
stituting in  the  above  formula,  and  reducing,  we  have 


■i 


Reading  of  manometer  in  in.  of  water. 


Velocity  per  minute  ==  1097  ^i        „^  .  ,  ^     „  -  *^     * 

^        Weight  of  1  cu.  ft.  of  gas  or  air. 

The  weight  of  1  cu.  ft.  of  gas  or  air  is  obtained  l>y  nniltiplying  the  weight 
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of  1  cu.  ft.  at  a  tt'iiiiieiHture  uf  82  deg.  aud  pressure  of  29.92  in.  (0.0807  lb. 
for  air)  by  the  proportion  obtained  from  the  expression 

492  des;.       I' +  29.92 

fL  V 

460  +  *  29.92 

in  which  t  is  the  temperature  of  the  gas  or  air  as  observed  and  P  the  ob- 
served pressure  in  in.  of  mercury. 

For  low  velocities  the  T'-tuhe  shown  in  Fig.  4  may  be  replaced  l»y  t)iH' 
containing  gasolene  and  having  one  leg  inclined  so  as  to  multiply  the  ordi- 
nary indications  to  any  extent  desired.  In  this  case  the  reading  may  be 
converted  into  inches  of  water  by  multiplying  it  by  the  proportion  of  the 
vertical  height  to  the  inclined  height  and  by  the  specific  gravity  of  gasolene. 

For  high  pressures,  the  manometer  attached  to  the  impact  tube  can  be 
replaced  by  a  mercury  column  or  steam  gage  attached  to  a  receiver  in  the 
main  where  the  velocity  is  largely  reduced. 

To  determine  the  average  velocity  of  the  gas  or  air  throughout  the  whol*' 
cross-section  of  the  pipe,  readings  should  be  obtained  at  a  number  of  points 
and  the  results  averaged.  Two  sets  of  readings  should  be  taken,  one  set 
along  the  horizontal  diameter  and  the  other  set  on  the  vertical  diameter. 
The  various  points  should  be  selected  so  that  the  different  velocities  will 
conform  to  efjual  areas.  If  there  are  ten  points  in  each  diameter  this 
equality  will  be  obtained  if  they  are  located  on  the  four  radii  at  distances 
of  32,  55,  71,  84,  and  95  per  cent,  respectively,  of  their  length,  measured 
from  the  center.  In  pipes  carrying  high  pressures  two  pitot  tubes  may  be 
used,  one  for  each  diameter,  and  they  should  be  mounted  so  as  to  be  read- 
ily moved  to  the  desired  locations,  the  required  points  being  indicated  by 
suitable  marks  on  the  outside  supports. 

The  point  selected  for  the  attachment  of  a  pitot  tube  should  be  as  far 
removed  as  practicable  from  abrupt  bends. 

Another  form  of  tube  may  be  used,  when  properly  calibrated,  especially 
for  high  pressures,  which  is  inserted  diametrically  across  the  main  in  the 
manner  of  a  sampling  pipe.  In  this  case  the  impact  is  obtained  by  a  num- 
ber of  short  tubes  attached  to  the  side  and  pointing  toward  the  current. 
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BITUMINOUS  COAL  SIZES 

Bituminous  coals  in  the  Eastern  States  may  be  graded  and  sized  as  fol- 
lows : 

(A )  Run  of  mine  coal ;  the  unscreened  coal  taken  from  the  mine. 

(B)  Lump  coal;  that  which  passes  over  a  bar-screen  with  openings  1%- 
in.  wide. 

(C)  Nut  coal;  that  which  passes  through  a  bar-screen  with  li^-in.  open- 
ings and  over  one  with  %-in.  openings. 

(D)  Slack  coal ;  that  which  passes  through  a  bar-screen  with  %-in. 
openings. 

Bituminous  coals  in  the  Western  States  may  be  graded  and  sized  as  fol- 
lows : 

(E)  Run  of  mine  coal ;  the  unscreened  coal  taken  from  the  mine. 

(F)  Lump  coal;  divided  into  6-in.,  3-in.  and  IVi  in.  lump,  according  to 
the  diameter  of  the  circular  openings  over  which  the  respective  grades 
pass;  also  6  by  8  lump  and  3  by  ly^  lump,  according  as  the  coal 
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passes  through  a  circuhir  opening  having  the  diameter  of  the  larger 
figure  and  over  that  of  the  smaller  diameter. 

(G)  Nut  coal;  divided  into  3-iu.  steam  nut,  vphieh  passes  through  an 
opening  3-iu.  diameter  and  over  1^,4 -in- ;  IVt-ln.  nut,  which  jiasses 
through  a  114-in.  diameter  opening  and  over  a  %-in.  diameter  open- 
ing; %-in.  nut,  which  passes  through  a  %-in.  diameter  opening 
and  over  a   "'s-in.  diameter  opening. 

(H)      Screenings;  lliat   which  passes  Ihi-ougli  a   li'i-i"-  diameter  o])ening. 


^.. 

^ 


Fig.  5     Air  Chamber  for  Attachment  of  Gage  to  Force  Main 

(n     Washed  sizes;  those  passing  thi-ough  or  over  the  circular  openings 
of  the  following  diameters,  in  inches : 

Number  Through  Over 

1 3  IH 

2 m  IJi 

3 13^  H 

4 H  M 

5 K 


APPENDIX   NO.  S 


APPARATl'S    FOR    ITMI'TX*;    ENGINES 

To  determine  the  length  of  stroke  in  the  case  of  direct-acting  engines,  a 
scale  should  be  securely  fastened  to  the  frame  which  connects  the  steam 
and  water  cylinders,  in  a  jiosition  parallel  to  the  piston  rod,  and  a  pointer 
attached  to  the  rod  so  as  to  move  back  and  forth  over  the  graduations  on 
the  scale.  The  marks  on  the  scale,  which  the  pointer  reaches  at  tlie 
two  ends  of  the  stroke,  are  thus  readily  observed,  and  the  distance  moved 
over  computed.  If  the  length  of  the  stroke  can  be  determined  by  the  use 
of  some  form  of  registering  apparatus,   such   a    method  of  measurement 
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is   prel'eiTed.      The    itei'.soii.il    cnois    in   olisorvin,;^    the   exact    scale    marks, 
wliicli  are  liable  to  creej)  in,   may   lliereby  lie  avoided. 

The  apparatus  referred  to  under  the  heading  {g)  Pressure  Oages,  page 
1694,  consisting  of  a  small  air  chamber  for  the  attachment  of  a  gage  to  the 
force  main  is  shown  in  Fig.  6*. 


APPENDIX  NO.  0 

HUMIDITY  TABLE 

Table  G  is  condensed  from  the  hygrometric  tables  of  U.  S.  Government 
referred  to  on  Page  169(i. 


APPENDIX  NO.  10 


OPTICAL,  PNEUMATIC,  AND  RADIATION  PYROMETERS 

Wanner's  optical  pyrometer,  Uehliug's  pneumatic  pyrometer,  and  Ferry's 
radiation  pyrometer,  are  among  those  referred  to  on  page  l(i9G  as  being  use- 
ful for  measuring  high  temperatures.  Full  descriptions  of  these  instru- 
ments may  be  found  in  the  catalogues  of  various  dealers  in  chemical  and 
physical  apparatus. 
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DESCRIPTION  OF  STEAM  CALORIMETERS 

The  instrument  referred  to  on  page  1G97  is  shown  in  Figs,  (ki  and  G&.  It 
consists  of  brass  pipe  and  fittings  of  the  i/4-in.  size  in  which  the  leading 
parts  are  the  two  tees,  a  pair  of  flanges,  an  orifice  plate  between  the 
flanges,  and  two  thermometer  cups  containing  thermometers  which  are 
screwed  into  the  tees.  The  whole  is  surrounded  by  suitable  non-conducting 
covering  and  encased  in  a  box.  The  percentage  of  moisture  is  determined 
by  observing  the  number  of  degrees  of  cooling  that  the  thermometer  in 
the  low-pressure  steam  shows  the  "  normal  "  reading  for  dry  steam,  and 
dividing  that  number  by  the  "  constant "  number  of  degrees  representing 
1  per  cent  of  moisture. 

To  determine  the  "  normal  "  reading  of  the  low-pressure  thermometer  cor- 
responding to  dry  steam,  the  instrument  should  be  attached  to  a  horizontal 
steam  pipe  in  such  a  way  that  the  sampling  nozzle  projects  upwards  to  near 
the  top  of  the  pipe,  there  l)eing  no  perforations  and  the  steam  entering 
through  the  open  top  of  the  nozzle.  The  test  should  be  made  when  the 
steam  in  the  pipe  is  in  a  quiescent  state,  and  when  the  steam  pressure  is 
maintained  constantly  at  the  point  observed  on  the  main  trial.  If  the 
steam  pressure  falls  during  the  time  when  the  observations  are  being  made, 

•  Reproduced  from  Trans.  Am.  Soc.  M.  R.,  vol,  12,  p.  .'i4S,  fig;.  100. 
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the  test  should  be  continued  Inup;  enouijli  lo  obtain  the  effect  of  an  equiva 
lent  rise  of  pressure. 

To  find  the  "  constant  "  for  1  per  cent  of  moisture  divide  the  latent  heat  of 
the  steam  supplied  to  the  calorimeter  at  the  observed  pressure  or  tempera- 

TABLE  6.     RELATIVE  HUMIDITY,  PER  CENT. 


Dry  Thermometer, 
Deg.  Fahr. 


Difference  between  the  Dry  and  Wet  Thermometers,  Deo.  Fahk. 


11       12      13 
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Relative  Humidity,  Saturation  being  100  (Barometer  =30  in.) 
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ture  by  the  specific  heat  of  superheated  steam  at  atmospheric  pressure 
(0.46)  and  divide  the  quotient  by  100. 

Finally  ascertain  the  percentage  of  moisture  by  dividing  the  number  of 
degrees  of  cooling  l)y  the  constant,  as  above  noted. 

To  determine  the  quantity  of  steam  used  by  the  calorimeter  it  is  usually 
sufficient  to  calculate  the  quantity  from  the  area  of  the  orifice  and  the  abso- 
lute pressure,  using  Napier's  formula  for  the  number  of  lb.  which  passes 
through  per  second;  that  is,  absolute  pressure  in  lb.  per  sq.  in.  divided  by 
70  and  multiplied  by  the  area  of  orifice  in  sq.  in.     To  determine  the  quan- 
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tity  by   actual  test,  a   steam  hose  may  be  attached  to  the  outlet  of  the 
calorimeter,   and  carried   to   a    barrel   of   water  on    platform   scales.     The 


Fig.  da  Throttling  Calorimeter 


amount  of  steam  condensed  in  a  certain  time  is  determined,  and  thereby 
the  quantity  discharged  per  hour. 

A  combined  throttling  and  separating  calorimeter,   in  which  the  throt- 
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tling  portion  operates  on  the  same  principle  as  the  one  just  described,  is 
shown  in  Volume  17  of  tlie  Transactions.' 


APPENDIX  NO.  12 


MAHLER  COAL  CALORIMETER 

The  Maliler  coal  calorimeter  consists  essentially  of  a  strong  cylindrical 
vessel  having  a  capacity  of  about  SOO  cu.  c,  which  is  closed  at  the  top  and 
filled  with  oxygen  gas,  under  a  pressure  of  375  lb.  per  sq.  in.  A  sample  of 
finely  powdered  coal,  which  will  pass  through  a  sieve  having  10,000  meshes 
to  the  sq.  in.,  weighing  about  1  gram,  is  placed  in  a  pan  suspended  within 
the  interior  vessel,  and  provided  with  two  electrodes,  through  which  ar 
electric  ourrreut  from  a  battery  can  be  passed.    The  whole  is  immersed  in 
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Fig,  66      Orifice  Plate  for  Throttling  Calorimeter 


an  outer  vessel  containing  about  2500  grams  of  water,  thoroughly  stirred, 
the  temperature  of  the  water  observed,  the  coal  set  on  fire  by  completing 
the  electric  circuit,  the  water  again  stirred,  and  the  temperature  observed 
at  intervals  of  half  a  minute  until  the  thermometer  ceases  to  rise.  The 
difference  between  the  initial  and  final  temperatures  thus  determined  is 
correi'cted  for  radiation,  the  latter  being  found  by  observing  the  rate  at 
which  the  temperature  changes  before  and  after  the  coal  is  fired.  The 
weight  of  water  contained  in  the  outer  vessel,  the  water  equivalent  of  the 
whole  apparatus,  and  the  weight  of  coal  being  known,  the  total  heat  of  com- 
bustion is  found  by  multiplying  the  sum  of  the  two  water  weights  in  grams 
by  the  corrected  rise  of  temperature  in  deg.  fahr.,  and  the  product  is 
divided  by  the  weight  of  the  coal  in  grams. 

The  sample  used  for  the  calorimeter  test  should  be  air  dried.  A  simi- 
lar air-dried  sample  should  be  tested  for  moisture  in  the  manner  described 
at  the  end  of  page  1712,  the  final  result  being  based  on  dry  coal. 

'  R.  C.  Carpenter.     New  Form  of  Steam  Calorimeter.     Trans.  Am.  Soc.  M.  E.,  vol.  17,  p.  618. 
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JUNKER  GAS  CALORIMETER 

This  instrumeut  consists  of  a  vertical  cyliudrical  water  chamber  cou- 
taining  vertical  tubes,  w^hich  is  heated  by  the  gas  burned  in  a  Buuseu  lamp 
beneath.  The  products  of  combustion  pass  upward  through  the  tubes,  and 
the  water  flows  downward  through  the  chamber  in  a  continuous  current. 
The  quantity  of  gas  is  measured  l>y  a  gas  meter,  and  the  quantity  of  water 
by  collecting  the  overflow  discharged  from  the  apparatus.  Thermometers 
are  inserted  at  the  points  of  entrance  and  exit.  The  heat  of  combustion  of 
a  cu.  ft.  of  gas  is  determined  by  multiplying  the  rise  of  temperature  in  deg. 
fahr.  by  the  weight  of  water  in  lb.,  and  dividing  the  product  by  the  volume 
of  gas  in  cu.  ft.  The  result  thus  found  is  what  is  termed  the  "  higher  value," 
and  this  is  the  value,  unless  otherwise  stated,  which  is  employed  through- 
out the  codes. 

The  "  low  value"  is  obtained  by  multiplying  the  weight  of  the  condensed 
vapor  resulting  from  the  combustion,  expressed  in  lb.,  by  the  total  heat  of 
atmospheric  steam  above  the  temperature  of  the  condensed  vapor,  dividing 
the  product  by  the  volume  of  the  gas  in  cu.  ft.,  and  subtracting  the  quotient 
from  the  higher  value. 


APPENDIX  NO.  14 
FUEL  ANALYSES 

Proximate  Analysis  of  Coal 

The  apparatus  required  for  proximate  analysis  consists  of  a  mill  for 
grinding  coal,  chemical  scales  sensitive  to  1/1000  of  the  amount  weighed, 
drying  apparatus,  a  platinum  crucible,  a  Bunsen  burner  and  blast  lamp,  a 
supply  of  oxygen  gas,  and  such  chemicals  and  chemical  appai'atus  as  may 
be  required.  The  elements  to  be  determined  are  moisture,  volatile  matter, 
fixed  carbon,  ash,  and  sulphur. 

Determine  the  moisture  as  explained  at  the  end  of  Part  III  A. 

To  determine  volatile  matter,  place  one  gram  of  air-dried  powdered  coal 
in  the  crucible  and  cover  it  with  a  loose  platinum  plate.  Heat  3^  minutes 
in  the  flame  of  the  Bunsen  burner,  and  continue  the  heating  for  3%  min- 
utes longer  in  the  flame  of  the  blast  lamp.  Cool  down,  remove  the  cover, 
and  weigh  the  residue.  The  loss  in  weight  represents  the  combined  volatile 
matter  and  moisture.  Subtracting  the  moisture,  the  weight  of  volatile 
matter  alone  is  determined. 

To  ascertain  the  ash,  expose  the  residue  in  the  crucible  to  the  blast  lamp 
until  it  is  completely  hurned,  using  a  stream  of  oxygen  if  desired  to  hasten 
the  process.    The  residue  left  is  the  ash. 
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The  difference  between  the  residue  left  alter  the  exi)ul.sit)n  of  Ihe  volatile 
matter  and  the  ash  is  the'fixed  carbon. 

To  determine  sulphur  by  Eschka's  melluMl.  wliirli  is  the  one  commonly 
used,  heat  1  gram  of  coal  mixed  with  1  yram  of  magnesium  oxide  and  ^^ 
gram  of  sodium  carbonate  for  1  hour,  using  an  alcohol  lamp.  After  cool- 
ing, mix  with  1  gram  of  ammonium  nitrate  and  heat  the  mixture  ten  min- 
utes; then  dissolve  in  200  cc.  of  water,  heat  and  reduce  by  evaporation  to 
150  cc,  acidify  with  hydrochloric  acid,  and  filter.  Add  barium  chloride 
to  the  filtrate  and  determine  the  sulphur  by  calculation  from  the  quantity 
and  composition  of  the  barium  sulphate  thereby  precipitated. 

Ultimate  Analysis  of  Coal 

The  apparatus  rcHpiired  for  ultimate  analysis  consists  of  a  mill  and  other 
apparatus  for  grinding  and  pulverizing  the  coal ;  chemical  scales  sensitive 
to  1/1000  of  the  amount  weighed;  drying  apparatus;  combustion  apparatus, 
embracing  a  combustion  furnace,  a  glass  combustion  tube,  one  end  of  which 
is  tilled  with  copper  oxide  and  chromate  of  lead  and  the  other  end  with  a 
roll  of  oxidized  copper  gauze,  a  porcelain  boat,  a  set  of  bulbs  containing 
hydrate  of  potassium,  a  U-tube  filled  with  chloride  of  calcium,  and  a  supply 
of  pure  oxygen  and  pure  air ;  together  with  suitable  chemicals  and  chemical 
apparatus  required  for  the  various  processes.  The  elements  to  be  deter- 
mined are  moisture,  carbon,  hydrogen,  oxygen,  sulphur,  nitrogen,  and  ash. 

The  moisture  is  determined  in  the  manner  pointed  out  under  Proximate 
Analysis. 

The  carbon  and  hydrogen  are  obtained  by  the  use  of  the  combustion  ap- 
paratus. One-half  gram  of  the  pulverized  air-dried  coal  is  placed  in  the 
porcelain  boat,  which  is  introduced  between  the  copper  roll  and  the  copper 
oxide  within  the  combustion  tube.  After  the  coal  and  the  entire  contents 
within  have  been  thoroughly  dried  out  by  a  sufficient  preliminary  heating, 
aided  by  a  current  of  dry  air,  the  furnace  is  set  to  work  and  the  coal  burned 
by  first  passing  air  through  the  tube  and  finally  oxygen,  conducting  the 
products  of  combustion  through  the  potash  bulbs  and  the  chlo"ride  of  calci- 
um tube.  The  carbon  dioxide  produced  by  the  combustion  of  the  carbon  is 
absorbed  by  the  potash,  and  the  water  formed  by  the  combustion  of  hydro- 
gen, together  with  that  due  to  the  moisture  in  the  air-dried  coal,  is  taken 
up  by  the;  chloride  of  calcium.  The  quantity  of  carbon  is 
determined  by  weighing  the  bulbs  before  and  after,  thereby  ob- 
taining the  weight  of  the  carbon  dioxide  produced,  and  then  calculating 
the  weight  of  carbon  from  the  known  composition  of  the  dioxide.  Likewise, 
the  quantity  of  hydrogen  is  determined  by  weighing  the  calcium  tube  before 
and  after,  which,  after  deducting  the  moisture  in  the  air-dried  coal,  gives 
the  amount  of  water  produced,  and,  dividing  by  9,  the  amount  of  hydrogen. 

Sulphur  is  found  by  the  method  described  above  under  the  heading 
Proximate  Analysis. 

To  determine  nitrogen,  a  certai)i  weight  of  coal  is  mixed  with  strong 
sulphuric  acid  and  permanganate  of  potash  and  heated  until  nearly  color- 
less. This  process  converts  the  nitrogen  into  annnonia  and  then  into  sul- 
phate of  ammonia,  and  the  amount  of  sulphate  is  determined  by  making  the 
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solution  alkaline  and  then  distilling  it.  The  nitrogen  is  found  by  calculation 
from  the  known  composition  of  ammonia. 

The  ash  is  found  by  weighing  the  refuse  left  in  the  combustion  boat  after 
the  coal  is  completely  burned. 

The  oxygen  is  the  difference  between  the  sum  of  the  elements  previously 
determined  and  the  original  weight  of  coal. 

The  ultimate  analysis  of  coal,  as  will  be  seen  from  the  above  description, 
requires  the  use  of  so  much  chemical  apparatus,  and  at  best  it  is  so  compli- 
cated, that  it  is  not  likely  to  be  done  except  In  a  fully  equipped  chemical 
laboratory.  It  should  not  be  undertaken  by  one  who  is  not  entirely  famil- 
iar with  all  the  details  of  the  work. 

Analysis  of  Liquid  Fuels 

The  determination  of  carbon  and  hydrogen  in  liquid  fuels  is  made  in  the 
same  manner  as  that  concerning  the  solid  fuels  above  described,  using  spe- 
cial means  for  preventing  loss  in  the  various  processes  on  account  of  the 
volatile  characteristics  of  the  fuel. 

To  determine  the  sulphur,  the  oil  or  other  liquid  is  heated  with  nitric  acid 
and  barium  chloride.  The  quantity  of  sulphate  of  barium  thus  produced  is 
ascertained  by  filtering  and  weighing,  and  the  sulphur  calculated  from  the 
known  composition  of  the  compound. 

The  ultimate  analysis  of  liquid  fuel,  like  that  of  coal,  should  be  under- 
taken only  by  a  person  familiar  with  all  the  necessary  details. 

See  report  of  Committee  of  American  Chemical  Society  on  Coal  Sampling 
and  Analysis. 
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GAS  ANALYSIS 

Orsat  Apparatus 

The  Orsat  apparatus  is  a  portable  instrument  contained  in  a  wooden 
case  with  removable  sliding  doors  front  and  back,  as  shown  in  its  simplest 
form  in  Fig.  7*.  It  consists  essentially  of  a  measuring  tube  or  burette, 
three  absorbing  bottles  or  pipettes,  and  a  leveling  bottle,  together  with  the 
connecting  tubes  and  apparatus.  The  bottle  and  measuring  tube  contain 
pure  water;  the  first  pipette,  sodium  hydrate  dissolved  in  three  times  its 
weight  of  water ;  the  second,  pyrogallic  acid  dissolved  in  sodium  hydrate  In 
the  proportion  of  5  grams  of  the  acid  to  100  cc.  of  the  hydrate;  and  the 
third,  cuprous  chloride.  These  chemicals  are  sold  b.v  most  of  the  large 
dealers. 

The  manipulation  of  the  instrument,  which  can  be  carried  on  after  suit- 
able practice  by  any  person  familiar  with  testing  work,  is  as  follows: 

After  completely  drawing  out  the  air  contained  in  the  supply  pipe,  a 
sample  of  the  gas  is  drawn  into  the  measuring  tube  hy  opening  the 

*  Reproduced  from  Trans.  Am.  Soc.  M.  E.,  vol.  18,  p.  903,  figs.  290,  291. 
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necessary  connections  and  allowing  the  water  to  empty  itself  from 
the  tube  and  liow  into  tlie  bottle.  The  quantity  of  gas  drawn  in  is 
adjusted  to  100  cc.  By  opening  one  by  one  the  connections  to  the 
pipettes,  and  raising  and  lowering  the  water  bottle,  the  sample  is 
alternately  admitted  to  and  withdrawn  from  the  pipettes,  and  the  in- 
gredients one  by  one  absorbed. 

The  first  pipette  absorbs  carbon  dioxide  (CO,)  ;  the  second,  oxy- 
gen (O)  ;  and  the  third,  carbonic  oxide  (CO).  The  quantity  absorbed 
in  each  case  is  detei-mined  by  finally  returning  the  sample  to  the 
measuring  burette  and  reading  the  volume.  The  percentage  of  CO, 
is  read  directly,  being  the  first  absorption.     That  of  the  other  two 
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Fig.  7     Orsat  Apparatus 


ingredients  are  the  respective  differences  between  the  readings  taken 
after  successive  absorptions. 

Various  modifications  of  this  apparatus  have  been  developed  which 
enable  analyses  to  be  made  with  greater  rapidity  than  with  the  form 
illustrated  in  Fig.  7. 

Hempel  Apparatus 

The  Hempel  apparatus  works  on  the  same  principle  as  the  simple  form 
of  Orsat  apparatus  described,  so  far  as  the  latter  is  applicable,  excepting 
that  the  absorption  may  be  hastened  by  shaking  the  pipettes  bodily,  bringing 
the  chemical  into  most  intimate  contact  with  the  gas.  It  is  less  portable 
and  in  some  particulars  it  requires  more  careful  manipulation  than  the 
Orsat,  while  for  general  analysis  it  is  not  adapted  unless  used  in  a  well 
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equipped  chemical  laboratory.  'J'ho  absorption  pipettes  are  made  in  sets 
which  are  shaped  in  the  form  of  globes,  and  a  number  of  independent  sets 
are  required  for  the  treatment  of  the  different  constituent  gases.  A  simple 
pipette  of  the  Hempel  type  is  shown  in  Fig.  8. 

The  method  of  carrying  on  an  analysis  with  the  Hempel  apparatus  is  as 
follows : 

A  sample  of  gas  measuring  100  cc.  is  drawn  into  the  burette,  and  then 
transferred  to  the  first  pipette,  which  contains  potassium  hydrate 
dissolved  in  two  times  its  weight  of  water.  This  pipette  absorbs 
carbon  dioxide  (CO^).  The  gas  is  then  passed  into  the  second 
pipette,  containing  saturated  bromine  water,  which  absorbs  the  heavy 
hydrocarbons  (CoH<)  ;  then  into  the  third  pipette,  containing  a  solu- 
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Fig.  S     Hempel  Pipette 


tion  of  pyrogallic  acid  and  potassium  hydrate  in  the  proportion  of 
5  grams  of  acid  to  100  cc.  of  hydrate,  which  absorbs  oxygen  (O)  ; 
then  into  the  fourth  pipette,  containing  ammoniacal  cuprous  chlo- 
ride, which  absorbs  carbonic  oxide  (CO),  and  tinally  into  the  fifth 
pipette,  which  is  of  large  size  and  provided  with  exploding  wires 
and  galvanic  battery,  for  the  determination  of  marsh  gas  (OHJ 
and  hydrogen  (H).  A  measured  quantity  of  oxygen  gas  is  added  to 
this  pipette  and  the  contents  exploded  by  an  electric  spark  from  the 
battery,  resulting  in  a  mixture  of  carbon  dioxide,  nitrogen,  and 
free  oxygen.  The  quantity  of  carbon  dioxide  is  determined  by  pass- 
ing the  gas  into  the  pipette  containing  i)Otassium  hydrate,  and  the 
quantity  of  oxygen  by  subsequently  passing  it  into  the  pipette  con- 
taining potassium  pyrogallate,  finally  determining  the  quantity  of 
marsh  gas  and  hydrogen  from  the  Ijnown  reactions  which  occur 
during  this  process,  and  the  composition  of  the  resulting  gases. 

For  each  of  these  processes  the  pipettes  are  shaken  to  hasten  the 
absorption,  and  the  quantity  absorbed  is  determined  by  returning  the 
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gas  into  the  Uieasuriug  l)urette  and  observing  the  successive  differ 
ences. 

Tar  and  Soot. 

Ttie  quantity  of  tar  and  soot  contained  in  producer  gas  may  be  found  by 
drawing  a  measured  volume  of  gas  througli  filter  paper,  weighing  the  paper 
before  and  after. 

APPENDIX  NO.  16 

RINGELMANN  CHART 

A  Riugelmann  smoke  chart  is  shown  with  full-size  spacing  in  Fig.  9*.  To 
use  this  chart,  four  cards  are  ruled  like  those  shown,  though  covering  a 
much  larger  area,  and  placed  in  a  horizontal  row  about  50  ft.  from  the  ob- 
server, and  in  line  between  him  and  the  chimney,  together  with  two  other 
cards,  one  of  which  is  white  and  the  other  solid  black.  The  observer  glances 
rapidly  from  the  chimney  to  the  cards  and  judges  which  one  corresponds 
with  the  color  and  density  of  the  smoke.  He  makes  these  observations 
every  minute,  or  oftener  if  desired,  recording  the  number  of  the  card  repre- 
senting the  chai'acter  of  the  smoke  at  the  instant  of  observation.  The  re- 
sults are  then  plotted  on  a  chart,  and  the  variations  shown  graphically. 

The  lines  in  cards  1  to  4  are  respectively  1,  2.3,  3.7,  and  5.5  mm.  thick, 
and  the  spaces  9,  7.7,  6.3,  and  4.5  mm. 

APPENDIX  NO.  17 

SMOKE  METER 

As  an  illustration  of  the  soot-collecting  method  referred  to  on  page  1699, 
which  was  carried  out  in  a  certain  trial,  a  plate  %  in.  wide  and  24  in.  long, 
representing  a  surface  of  21  sq.  in.,  was  inserted  through  a  hole  in  the  top 
of  the  flue  and  suspended  by  a  wire,  the  hole  being  covered  after  the  plate 
was  inserted.  The  plate  was  temporarily  withdrawn  every  two  hours  dur- 
ing the  progress  of  tlae  test,  and  the  collection  of  soot  removed  by  a  brush. 
This  was  tried  on  a  boiler  fitted  with  an  automatic  stoker  and  on  another 
fitted  with  a  smoke-burning  furnace,  and  it  was  found  that  under  various 
conditions  as  to  character  of  coal  and  other  changes,  the  weight  of  soot 
collected  per  hour  varied  from  9  to  184  mg. 

APPENDIX  NO.   18 

USE  AND  CALIBRATION  OF  INDICATORS 

The  indicated  horsepower  should  be  determined  from  the  average  mean 
effective  pressure  of  diagrams  taken  at  intervals  of  20  minutes,  and  at 
more  frequent  intervals  if  the  nature  of  the  test  makes  this  necessary,  this 
being  done  for  each  end  of  each  cylinder.     With  variable  loads,  such  as 

*  Meproduoed  from  Trans.  Am.  .Son.  M.  R.,  vol.  21,  p.  98,  fig.  6. 
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those  of  engines  driving  genenitors  lor  electric-  railroad  work,  and  of  rub- 
ber-grinding and  rolling-uiill  engines,  the  diagrams  cannot  be  taken  too 
often.  In  cases  like  the  latter,  one  method  of  obtaining  suitable  averages 
is  to  take  a  series  of  diagrams  on  the  same  blank  card  without  unhooking 
the  driving  cord,  and  appl.v  the  pencil  at  successive  intervals  of  10  seconds 
until  2  minutes'  time  or  more  has  elapsed,  thereby  obtaining  a  dozen  or 
more  indications  in  the  time  covered.  This  tends  to  insure  the  determina- 
tion of  a  fair  average  for  that  period.  In  taking  diagrams  for  variable- 
loads,  as  indeed  for  any  load,  the  pencil  should  be  applied  long  enough  to 
cover  several  successive  revolutions,  so  that  the  variations  produced  by  the 
action  of  the  governor  may  be  properly  recorded.  To  determine  whether 
the  governor  is  subject  to  what  is  called  "  racing  "  or  "  hunting,"  a  varia- 
tion diagram  should  he  obtained:  that  is.  one  in  which  the  pencil  is  applied 
a  sufficient  time  to  cover  a  complete  cycle  of  variations.  When  the  gover- 
nor is  found  to  be  working  in  this  manner,  the  defect  should  he  remedied 
before  proceeding  with  the  test. 

It  is  seldom  necessary,  as  far  as  average  power  measurements  are  concerned,  to 
oDtaln  diagrams  at  precisely  the  same  instant  at  the  two  ends  of  the  cylinder, 
or  at  the  same  instant  on  all  the  cylinders,  when  there  are  more  than  one. 
All  that  is  required  is  to  take  the  diagram  at  regular  intervals.  Should  the 
diagrams  vary  so  much  among  themselves  that  the  average  may  not  be  a  fair 
one.  it  signifies  that  they  should  be  taken  more  frequently,  and  not  that  spe- 
cial care  should  be  employed  to  obtain  the  diagrams  of  each  set  at  precisely 
thp  same  time.  AVhen  diagrams  are  taken  during  the  time  when  the  engine  is 
working  up  to  speed  at  the  stiirt,  or  when  a  study  of  valve  setting  and  steam 
distribution  is  being  made,  they  should  be  taken  at  as  nearly  the  same  instant 
as  practicable.  In  cases  where  the  diagrams  are  to  be  taken  simultaneously, 
the  best  plan  is  to  have  an  operator  stationed  at  each  indicator.  This  is  de- 
sirable, even  where  an  electric  or  other  device  is  employed  to  operate  all  the 
instruments  at  (jnce  :  for  unless  there  are  enough  operators,  it  is  necessary  to 
open  the  indicator  cocks  some  time  before  taking  the  diagrams  and  run  the 
risk  of  clogging  the  pistons  and  heating  the  high-pressure  springs  above  the 
ordinary  working  temperature. 

To  determine  the  power  developed  while  an  engine  is  starting  from  rest  and 
attaining  working  speed  and  working  load,  a  number  of  diagrams  should  be 
taken  in  rapid  succession,  the  speed  counted  for  each  one.  and  the  results 
averaged.  If  the  i)eriod  of  time  thus  covered  on  a  commercial  test  is  unduly 
lung  s(i  ;is  111  be  an  Mjipreciiible  percentage  of  the  total  running  time,  this 
l)(iwer  sliimld  l)e  iiicliuled  in  tbe  .ivernge  for  tlte  whole  run.  due  regard  being 
liad  fill-  (lie  lime  it  is  in  njierM  lien.  In  tlial  event  tbe  total  (liirMlion  <if  the 
run  sbdiild  In'  tin    wiiulc  time  llie  tln-oltle  valve  is  open. 

The  most  satislactory  driving  rig  for  indicating  is  some  form  of  well- 
made  pantagraph.  with  driving  cord  of  fine  annealed  wire  leading  to  the 
indicator.  The  reducing  motion,  whatever  it  may  be.  and  the  connections 
to  the  indicator,  should  be  so  perfect  as  to  produce  diagrams  of  equai 
lei'gth  when  the  .eame  indicator  is  attached  to  either  end  of  the  cylinder, 
and  produce  a  proportionate  reduction  of  the  motion  of  the  piston  at  every 
point  of  the  stroke.  ;is  proved  by  test. 

With  a  perfect  working  pantagraph,  or  similar  apparatus,  the  equality  in  the 
length  of  diagrams  taken  with  the  same  Indicator  at  the  two  ends  is  sufficient 
indication  of  the  substantial  reliability  of  the  reduction  when  the  point  of  cut- 
off on  the  diagram  is  not  unusually  short,  say,  not  shorter  than  one-eighth. 
When  the  cut-off  is  unusually  short,  the  error  produced  by  imperfect  reducing 
motion,  stretch  of  cord,  or  otherwise,  becomes  a  comparatively  large  Item, 
and  one  which  for  accurate  work  should  be  allowed  for.     To  test  the  accuracy 
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ol  the  reducing  inotiou  wUliout  making  special  preparations  for  a  lliorougli 
examination,  it  is  sufficient  to  make  a  comparison  between  the  actual  propor- 
ilon  of  the  stroke  covered  and  the  apparent  proportion  measured  on  the  Indi- 
cator, and  see  how  they  agree.  This  may  be  done  on  a  large  engine  by  making 
the  comparison  wherever  it  happens  to  stop,  and  repeating  the  comparison 
when  it  has.  stoipped  with  the  piston  at  some  other  point  of  the  stroke.  With 
an  engine  which  can  be  turned. over  by  hand,  or  where  auxiliary  power  is  pro- 
vided for  moving  it,  the  comparison  may  be  made  at  a  number  of  equl-distant 
points  in  the  stroke.  To  make  the  test  properly,  a  diagram  should  be  taken 
just  before' stopping,  and  this  will  serve  as  a  reference  for  the  measurements 
taken  after  stopping.  The  actual  proportion  of  stroke  covered  is  determined 
by  measuring-  the  distance  which  the  crosshead  has  moved  and  comparing  it 
with  the  whole  length  of  the  stroke,  making  sure  that  the  slack  has  all  been 
taken  up  by  turning  sufficient. steam  into  the  cylinder  to  bring  a  pressure  to 
bear  on  the  piston,  but  not  sufficient  to  start  the  flywheel  in  motion.  To  ob- 
tain the  apparent  indication  from  the  diagram,  the  indicator  pencil  is  moved 
up  and  down  with  the  finger,  so  as  to  make  a  vertical  mark  on  the  diagram, 
and  the  distance  of  this  mark  from  the  beginning  of  the  diagram  compared  to 
I  he  whole  length  is  the  proportion  desired. 

It  is  necessary,  of  course,  to  go  through  these  operations  without  changing 
in  any  way  the  ad.iustment  of  the  driving  cord  of  the  indicator,  or  any  part 
of  the  mechanism  that  would  alter  the  movements  of  the  indicator. 

In  all  cases  the  pipes  leading  to  indicators  should  be  as  short  and  direct 
as  possible.  The  use  of  a  three-way  cock  aud  a  single  indicator  connected 
to  the  two  ends  of  the  cylinder  is  not  advised,  except  in  cases  where  it  is 
impracticable  to  use  an  indicator  close  to  each  end.  If  a  three-way  cock  is 
used,  the  error  produced  should  be  determined  and  allowed  for. 

The  effect  of  the  error  produced  by  a  three-way  cock  is  usually  to  increase  the 
area  of  the  diagram.  This  is  duo  to  the  tardiness  of  the  indicator  In  respond- 
ing to  tlie  changes  of  pressure.  In  an  investigation  which  was  carried  out 
both  on  short-stroke  engines  running  at  high  speed  and  long-stroke  engines 
running  at  comparatively  slow  speed,  it  was  found  that  the  increased  area  of 
the  diagram,  due  to  the  sluggish  action  referred  to,  ranged  from  3  to  7  per 
cent  as  compared  with  an  indicator  having  a  short  and  direct  pipe. 

The  point  selected  for  attaching  the  indicator  pipe  to  the  cylinder  should 
never  be  the  drip  pipe  or  any  point  where  the  water  of  condensation  will  run 
into  the  instrument,  if  this  can  possibly  be  avoided.  The  admission  of  water 
with  the  steam  may  greatly  distort  the  diagram.  If  it  becomes  necessary  to 
place  the  indicator  in  such  a  position,  as  may  happen  when  it  is  attached  to 
the  lower  end  of  a  vertical  cylinder,  the  connection  to  the  indicator  must  be 
short  and  direct,  and  in  some  cases  it  should  be  provided  with  a  drip  chamber 
arranged  so  as  to  collect  the  water  or  deflect  it  from  entering  the  instrument. 

The  pipe  connections  for  indicating  gas  and  oil  engines  should  be  removed 
as  far  as  possible  from  the  ports  and  ignition  devices,  and  made  preferably  in 
the  cylinder  head.  The  pipes  should  be  as  short  and  direct  as  possible.  Avoid 
the  use  of  long  pipes,  otherwise  explosions  of  the  gas  in  these  connections 
may  occur. 

Ordinary  Indicators  suitable  for  indicating  steam  engines  are  much  too 
lightly  constructed  for  gas  and  oil  engines.  The  pencil  mechanism,  especially 
the  pencil  arm,  needs  to  be  very  strong  to  prevent  injury  by  the  sudden  Impact 
at  the  instant  of  explosion.  A  special  gas-engine  indicator  is  required  for 
satisfactory  work,  ,with  a  small  piston  and  a  strong  spring. 

In  the  manipulation  of  the  indicator  it  is  important  to  keep  the  instru- 
ment in  clean  condition  and  preserve  it  in  mechanically  good  order.  Ordi- 
nary cylinder  oil  is  the  best  material  to  use  for  lubricating  the  indicator 
piston  for  pressures  above  the  atmosphere.  It  is  better  to  have  the  piston 
fil    I  he  cylinder   I'litlicr   loosely,  so  as  to  get  absolute  freedom  of  motion. 


APPENDICES 


1847 


than  to  have  a  luatUematically  accurate   til.      In   Ibe   latter  case,  extreme 
care  and  frequent  cleauiiigvS  are  required  to  obtain  good  diagrams. 

Xo  diagrams  sliould  be  accepted  in  which  there  is  any  appearance  of  want  of  free- 
dom in  the  movement  of  the  mechanism.  A  ragged  or  serrated  line  in  the 
region  of  the  expansion  or  compression  lines  is  a  sure  indication  that  the  pis- 
ton or  some  part  of  the  mechanism  sticks  :  and  when  this  state  of  things  is 
revealed  the  indicator  should  not  be  trusted,  but  the  cause  should  be  ascer 
tained  and  a  suitable  remedy  applied.  Entire  absence  of  wire  drawing  of  the 
steam  line,  and  especially  a  sharp,  square  corner  at  the  beginning  of  the  steam 
line,  should  be  looked  upon  with  suspicion,  however  desirable  and  satisfactory 
these  features  might  otherwise  be.  These  are  frequently  produced  by  an  indi- 
cator which  is  defective  owing  to  want  of  freedom  in  the  mechanism.  An  in- 
dicator which  is  free  when  subjected  to  a  steady  steam  pressure,  as  it  is  under 
a  test  of  the  springs  for  calibration,  should  be  able  to  produce  the  same  hori- 
zontal line,  or  substantially  the  same,  after  pushing  the  pencil  down  with  the 
finger,  as  that  traced  after  pushing  the  pencil  up  and  subsequently  tapping  it 
lightly.  When  the  pencil  is  moved  by  the  finger,  first  up  and  then  down,  the 
piston  being  subjected  to  pressure,  the  movement  should  appear  smooth  to  the 
sense  of  feeling. 

To  make  a  comparison  of  indicator  springs  with  standards,  the  calibra- 
tion should  be  made,  if  this  were  practical,  under  the  same  conditions  as 
those  pertaining  to  their  ordinary  use.  Owing  to  the  fact  that  for  steam 
worlv  the  pressure  of  the  steam  in  the  indicator  cylinder  and  the  corre- 
vSpoudlng  temperature  are  undergoing  continual  changes,  it  becomes  almost 
impossible  to  compare  the  springs  with  any  standard  under  such  condi- 
tions. There  must  be  a  constant  pressure  during  the  time  that  the  com- 
parison is  being  made.  To  bring  the  conditions  for  steam  work  as  nearly 
as  possible  to  those  of  the  working  indicator,  the  steam  should  be  admitted 
to  the  indicator  as  short  a  time  as  practicable  for  each  of  the  pressures 
tried,  and  then  the  indicator  cock  should  be  closed  and  the  steam  exhausted 
therefrom  before  another  pressure  is  tried.  By  this  means  the  parts  are 
heated  and  cooled  somewhat  the  same  as  under  the  working  conditions. 
For  each  required  pressure  the  first  step  is  to  open  and  close  the  indicator 
cock  a  number  of  times  in  quick  succession,  then  quickly  draw  the  line 
for  the  desired  record,  observing  the  gage  or  other  standard  at  the  same 
Instant.  A  corres])onding  atmospheric  line  is  taken  immediately  after- 
wards. 

The  calibration  should  be  made  for  at  least  Ave  equidistant  points.  For 
ordinary  work  the  arithmetical  mean  of  the  various  results  should  be  taken 
for  the  average  scale. 

The  indicator  springs  used  for  gas  and  oil  engines  should  also  be  cali- 
brated with  the  indicator  in  as  nearly  as  possible  the  same  condition  as 
to  temperature  as  exists  during  the  trial.  A  simple  way  of  heating  the 
indicator  is  to  subject  it  to  a  steam  pressure  just  before  calibration.  Com- 
pressed air  is  suitable  for  the  actual  work  of  calibration,  being  used  in 
preference  to  steam  so  as  to  bring  the  conditions  as  near  as  possible  to 
those  which  obtain  when  the  indicators  are  in  actual  use  in  such  engines. 

The  standard  of  comparison  in  all  cases  is  a  steam  gage  which  has  been 
proved  correct  by  reference  to  either  a  mercury  column  or  a  dead  weight 
testing  apparatus. 
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FRICTION   BRAKES 

A  self-adjusting  rope  brake  is  illustrated  in  Fig.  10*  in  which  it  will  be 
seen  that  if  the  friction  at  the  rim  of  the  wheel  increases,  it  will  lift  the 
weight  A.  which  action  will  diminish  the  tension  in  the  end  B  of  the  rope, 
and  thus  prevent  a  further  increase  in  the  friction.  The  same  device  can 
be  used  for  a  band  brake  of  the  ordinary  construction.  Where  space  below 
the  wheel  is  limited,  a  cross  bar,  C,  supported  by  a  chain  tackle  exactly  at 
its  central  point,  may  be  used  as  shown  in  Fig.  11*.  thereby  causing  the 
action  of  the  weight  on  the  brake  to  be  upward.     A  safety  stop  should  be 


I 


Figs.  10  am)  U      Rope  Brakes 


used  with   either  furm,   to   prevent   Iho   weights  being   accidentally   raised 
more  than  a  certain  amount. 

A  water-friction  brake  is  shown  in  Fig.  12*.  It  consists  of  two  circular 
disks,  A  and  B,  attached  to  the  shaft  C,  and  revolving  in  a  case  -B,  between 
fixed  planes.  The  space  between  the  disks  and  planes  is  supplied  with 
running  water,  which  enters  at  D  and  escapes  at  the  cocks  F,  G,  and  H. 
The  friction  of  the  water  against  the  surfaces  constitutes  a  I'esistance 
which  absorbs  the  desired  iKJwer,  and  the  heat  generated  within  is  carried 
away  by  the  water  itself.  The  water  is  thrown  outward  by  centrifugal 
action  and  fills  the  outer  jiortion  of  Ihe  case.     The  greater  the  depth  of  the 

*  Reproduced  from  Trans.  Am.  Soc.  M.  E.,  vol.  24,  pp.  739  and  740,  figs.  119.  120,  121. 
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ring  of  water,  the  greater  the  amount  of  power  absorbed.  By  adjusting 
suitably  the  amount  of  water  entering  and  leaving  any  desired  power 
can  be  obtained. 

Another  form  of  water  brake  is  that  shown  in  Fig.  13,  which  is  used  by 
the  Westinghouse  Machine  Company  for  large  turbines.  In  this  brake  the 
shaft  is  carried  in  two  bearings  and  is  coupled  to  the  turbine  shaft.  The 
revolving  paddle  wheel  or  "  runner  "  is  designed  to  run  in  very  close  clear- 
ance with  the  serrated-rim  piece.    The  outer  casing  of  the  brake  maintains 


Fig.  12     Water  Brake 


its  accurate  position  surrounding  the  runner  by  means  of  carefully  con- 
structed bearings.  To  this  casing  is  rigidly  attached  the  lever  arm,  made 
of  such  length  as  to  facilitate  ready  calculation.  The  little  roller  wheel  on 
the  end  of  the  arm  bears  upon  platfinnn  scales  which  weigh  the  load. 

Water  is  introduced  through  a  hose  connection  at  the  opening  marked  B. 
The  water  enters  the  interior  of  the  runner,  is  thrown  out  by  centrifugal 
force  through  small  holes  drilled  in  the  rim  into  the  outer  teeth  spaces 
where  a  resistance  is  created,  and  it  escapes  with  difficulty  through  the 
close  clearance  around  the  outside  of  the  runner,  finally  discharging  at  the 
liottom  through  openings  C  (Fig.  12)  and  C  (Fig.  13),  where  it  runs  to  waste. 

For  a  description  of  the  Alden  water  brake,  see  the  paper  on  An  Auto- 
matic Absorption  Dynamometer.' 

The  application  of  water  brakes  for  making  field  tests  of  waterwheels  is 
shown  in  Professor  Allen's  paper  on  The  Testing  of  Water  Wheels  After 
Installation.^ 

iGeo.  I.  Alden.     Trans.  Am.  Soc.  M.  E.,  vol.  11,  p.  958. 
» C.  M.  Allen.     Trans.  Am.  Soc.  M.  E.,  vol.  32.  p.  275. 
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DYNAMOMETERS 

A  form  of  dynamometer  for  measuring  the  power  transmitted  from  an 
engine  to  a  mill  shaft  is  well  illustrated  in  principle  by  the  Webber  bal- 
ance ilynaiuonieter.  shown  in  Vol.  -i  of  the  Transactions.^  In  this  ap- 
paratus, which  consists  essentially  of  a  compound  gear,  the  intermediate 
gear  is  carried  by  a  weighted  arm,  which  is  free  to  rise  and  fall,  accord- 
ing to  the  amount  of  force  transmitted.  The  power  is  determined  from 
the  net  weight  thus  lifted. 

Another  form  which  is  useful  for  mill  purposes  is  the  belt  dynamometer, 
the  principle  of  which  is  shown  in  Fig.  14.  A  is  the  driving  pulley  and  B 
the  driven  iiulley.  The  connecting  belt  passes  over  the  dynamometer  pul- 
leys C  and  D.  These  two  pulleys  are  mounted  on  a  frame  carrying  a  scale 
beam  F,  all  of  which  turus  on  the  center  E.  The  difference  in  the  total 
strain  on  the  two  sides  of  the  belt  is  computed  by  multiplying  the  net 
weight  on  the  beam  by  the  leverage,  the  latter  Iieing  found  by  dividing  the 


Fig.  14     Belt  Dynamometer 


length  of  the  beam  by  the  distance  from  the  center  E  to  the  centers  of  pul- 
leys C  and  D. 

The  shaft  dimamometer  consists  of  the  following  essential  parts:  a  long 
tube  encircling  the  shaft  and  made  fast  thereto  at  one  end,  being  free  at 
the  other  end  and  maintained  in  alignment  by  adjustable  rollers ;  two 
radial  arms,  one  attached  to  the  shaft  and  the  other  to  the  free  end  of  the 
tube,  which  rotate  a  slight  amount  with  reference  to  each  other,  according 
to  the  twist  of  the  enclosed  length  of  shaft ;  and  a  set  of  levers  which 
multiply  this  rotative  movement  and  at  the  same  time  convert  it  into  linear 
motion,  which  is  transmitted  to  a  sleeve  and  collar  mounted  upon  the  shaft 
and  sliding  thereon.  These  parts  all  revolve  with  the  shaft.  An  Indepen- 
dent indicating  apparatus  is  provided,  which  is  mounted  on  a  stationary 
frame,  and  the  sliding  movement  of  the  rotating  collar  is  transmitted 
through  it  to  an  index  hand.  The  torsional  strain  is  determined  from  the 
reading  of  the  accompanying  scale,  which  is  graduated  to  millimeters. 

The  zero  reading  is  found  by  disconnecting  the  propeller  and  turning  ths 
shaft  at  a  slow  speed,  first  in  one  direction  and  then  in  the  other,  observing 
the  indication  in  both  cases,  and  fixing  the  point  of  zero  strain  at  the  mean 
of  the  two.    When  it  is  impracticable  to  disconnect  the  propeller  the  read- 

'  S.  S.  and  W.  O.  Webber.     Trans.  Am.  Soc.  M.  E.,  vol.  4,  p.  227. 
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ings  may  be  taken  wlieu  the  vessel  is  drifting  under  her  own  headway 
after  shutting  off  steam.  The  calibration  of  the  instrument,  which  can 
best  be  done  when  the  shaft  is  in  the  shop  before  installation,  is  carried 
on  by  securing  the  shaft  in  a  fixetl  position,  and  applying  a  torsional 
strain  by  means  of  weights  at  the  end  of  a  lever  attached  beyond  the 
dynamometer,  taking  readings  with  a  number  of  different  weights. 

The  horsepower  shown  by  the  dynamometer  is  determined  by  multiply- 
ing the  reading  of  the  instrument  expressed  in  millimeters  by  the  number 
of  revolutions  of  the  shaft  per  minute,  and  by  a  constant  determined  from 
the  calibration  noted,  the  constant  being  an  expression  for  the  horsepowci' 
corresponding  to  1  r.p.m.  and  a  reading  of  1  mm. 

A  shaft  dynamometer  requires  delicate  manipulation,  a  load  of  500  h.p. 
in  some  instruments  causing  a  movement  at  the  end  of  the  two  arms  of 
only  1/100  of  an  inch. 

The  locomotive  dynamometer,  as  formerly  designed,  consists  essentially 
of  one  or  more  strong  helical  springs  placed  between  the  drawbar  of  the 
locomotive  and  the  train,  and  the  distance  which  the  spring  is  extended 
furnishes  a  measurement  on  an  appropriate  scale  of  the  amount  of  force 
transmitted,  and  thereby  the  amount  of  power.  The  strain  on  the  spring 
is  transmitted  through  mechanism  to  a  registering  apparatus  placed  in  the 
dynamometer  car,  and  a  continuous  record  is  made  upon  a  strip  of  paper 
traveling  at  a  definite  rate  of  speed.  The  apparatus  used  by  the  Pennsyl- 
vania R.  R..  the  Chicago,  Burlington  and  Quincy  R.  R.,  and  the  Chicago. 
Milwaukee  and  St.  Paul  R.  R..  are  sbown  in  tlie  cuts  given  on  pages 
1320  to  1334  of  Transactions,  NOl.  14, 

The  latest  form  of  dynamometer  car  makes  use  of  oil  plungers  in  place 
of  springs,  and  employs  oil  transmission  for  the  recording  devices. 


aimm;xi>tx  xo.  21 


USE    AND    CALIBRATION    OF    ELECTRICAL    INSTRUMENTS 

To  determine  whethe)-  the  readings  of  .iny  instrument  are  disturbe<l  by 
stray  fields,  the  instrument  is  turnt'd  bodih-  tlir(;ugh  an  angle  of  ISO  deg. 
If  there  are  stray  fields,  tlie  chauLrc  of  [los'tion  will  cbnnge  the  reading; 
in  which  cast*  the  instrument  slioulil  b<'  nioNcil  to  some  oilier  point  wliere 
the  reading  is  found  to  l)e  unaffected. 

The  px'oper  methods  of  coiniectiuLC  \\:iltnielers  in  ]ioly|iliase  allernating- 
current  systems  are  shown  in  Figs.  l."i  and  Id.  Tlie  former  refers  to  two- 
phase  and  the  latter  to  three-phase  systems.  In  Fig.  !'>  lliere  are  four 
cables,  designated  .1,  B.  C,  and  />.  arranged  in  two  pairs,  or  one  pair  for 
each  phase.  Each  wattmeter  is  connected  to  its  respective  ))air  of  cables, 
the  current  coil  being  in  series  witli  one  of  the  two  cables,  and  tlie  ])otentiaI 
coil  in  parallel  with  the  load  or  l)ridging  the  two  cables.  In  Fig.  IC  there 
are  three  cables,  which  for  coi'veiiien(('  are  designated  by  the  letters  X.  )'. 
and  Z.  Meter  W,  is  connected  to  tiie  phase  represented  liy  tlie  cables 
X  and  y,  and  meter  W,  to  that  retiresented  by  the  cables  V  and  Z.  The 
current  coil  of  the  former  is  connected  in  series  with  cable  X,  the  potential 
coil  bridging  X  and  Y.  The  current  coil  of  the  latter  is  connected  in 
series  with  cable  Z.  the  potential  coil  bridging  Y  and  Z.     The  connections 
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shown  are  elementary ;  transformers  and  other  etiuipment  usually  em- 
ployed in  actual  installations  being  omitted.  The  total  output  is  the  arith- 
metical sum  of  the  quantities  indicated  by  the  two  meters  for  a  two-phase 
system,  and  the  algebraic  sum  for  a  three-phase  system. 

The  power  factor  is  the  proportion  borne  by  the  true  power  or  kilowatt 
output  as  shown  by  wattmeters,  to  the  apparent  power  or  kilovolt-ampere 
(kv.  a.)  output  determined  from  the  readings  of  the  voltmeters  and  am- 
meters. In  a  single-phase  system  the  kv.a.  output  is  found  by  multiplying 
the  volts  by  the  amperes  and  dividing  by  1000.  In  a  two-phase  system  it 
is  found  by  multiplying  the  volts  by  the  amperes  in  each  phase,  adding 
the  two  products  together,  and  dividing  by  1000.  In  a  three-phase  system 
it  is  ascertained  by  multiplying  the  average  volts  of  the  three  circuits  by 
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Fig.   16     Three-Phase  System 


the  average  amperes  of  the  three  circuits,  multiplying  the  product  by  the 
constant  1.73,  and  dividing  by  1000. 

In  a  three-phase  system  which  is  balanced  (that  is,  when  there  is  an 
equality  of  amperes  and  volts  in  all  three  phases),  the  power  factor  may 
also  be  determined  by  referring  to  the  curve  shown  in  Fig.  17.  in  which 
abscissae  represent  the  proportion  borne  by  the  readings  of  the  two  watt- 
meters, and  ordinates  the  corresponding  power  factor. 

When  the  power  factors  in  a  three-phase  system  is  100  per  cent,  both 
wattmeters  indicate  the  same  quantity.  When  It  is  less  than  100  per  cent, 
one  of  the  meters  indicates  a  larger  quantity  than  the  other,  the  one 
showing  the  larger  quantity  giving  positive  readings,  and  the  other  either 
positive  or  negative  readings.  The  latter  become  negative  when  the  power 
factor  falls  below  50  per  cent.  To  determine  whether  the  smaller  reading 
is  to  be  considered  negative  or  not,  disconnect  the  potential  circuit  of  the 
meter  showing  the  smaller  reading  from  the  cable  Y  (referring  to  Fig. 
16),  and  connect  it  to  the  opposite  outside  cable  so  that  this  circuit  will 
bridge  the  two  outside  cables.  If  the  meter  reverses,  i.e.,  if  the  index  hand 
falls  back  to  the  zero  point  and  rests  against  the  stop,  the  readings  talcen 
with  the  meter  in  its  working  position  must  be  considered  negative.  If  it 
does  not  reverse,  the  readings  are  both  positive. 

A  watt-hour  meter  can  best  be  calibrated  by  reference  to  an  indicating 
wattmeter,  in  accordance  with  the  following  directions : 
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Ascoitain  fii>;(  the  constants  and  formula  pertaining  to  the  watthour  meter  by 
referring  to  tlic  dial  of  the  instrument,  and,  if  need  be,  to  the  manufacturer's 
instruction  boolc ;  and  by  this  means  determine  the  number  of  watts  corre- 
sponding to  one  revolution  of  the  meter  disk  per  second.  Then  find  the  actual 
speed  of  the  disk  by  observing  the  time  required  for  a  certain  number  of  com- 
plete revolutions,  using  a. stop  watch,  and  compute  the  actual. number  of  revo- 
lutions per  second  ;  finally,  multiplying  the  revolutions  per  second  by  the  watts 
corresponding  to  one  revolution  per  second,  and  the  result  is  the  output  in 
watts.  Read  the  indicating  vvaltfineter  every  five  seconds  during  the  period 
that  the  speed  is  observed,  and  average  t^e  readings.  A  comparison  of  the 
watts  determined  by  the  watt-hour  meter  observations  with  this  average  shows 
the  error  of  the  watt-hour  meter. 

Calibrations  should  be  made  while  the  main  test  is  going  on.     If  the  load  is 
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not  substantially  constant  they  should  be  repeated  at  regular  intervals  durint; 
its  progress  so  as  to  obtain  the  comparison  under  average  conditions. 

Reference  may  be  made  to  the  Standardization  Rules  of  the  American  Insti- 
tute of  Electrical  Engineers  for  methods  of  determining  generator  tempera- 
lures  and   for  general   information    bearing  on   electrical   standards. 
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WATER  RHEOSTATS 

A  simple  form  of  water-rheostat,  suitable  for  absorbiug  the  output 
of  a  500-kw.  generator  of  the  three-phase  alternating-current  type,  con- 
sists of  three  wine  cask.s,  one  for  each  phase,  jilaced  side  by  side,  through 
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Scale  of  Water 
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each  of  which  a  sufficient  amount  of  cooling  water  is  allowed  to  flow  to 
prevent  boiling ;  salt  being  added  to  the  water  as  may  be  needed  to  lower 
its  resistance.  A  fixed  terminal  is  iirovided  consisting  of  three  connected 
iron  plates,  one  of  which  is  laid  on  the  bottom  of  each  cask.  A  movable 
terminal  is  provided  for  each  phase,  consisting  of  a  piece  of  2-in.  standard 
iron  pipe,  4  to  6  ft.  in  length,  suspended  vertically  in  the  water  at  the 
center  of  each  cask.  Each  pipe  is  arranged  to  be  raised  or  lowered  at  will, 
so  as  to  regulate  the  depth  to  which  it  is  immersed,  and  thereby  the  output 
for  that  phase.  By  varying  the  relative  immersion  of  the  pipes,  an  equal 
distribution  of  the  current  may  be  obtained  between  the  three  phases. 

Another  arrangement  consists  of  a  tank,  the  size  of  which  equals  that 
of  the  three  casks  combined,  the  pipes  being  located  a  suitable  distance 
apart  and  a  single  plate  being  used  for  the  fixed  terminal. 

When  a  larger  amount  of  current  than  500  kw.  is  generated,  the  size  of 
the  tank  and  terminals  may  be  proportionately  increased,  and  at  the  same 
time  provision  made  for  introducing  the  cooling  water  so  as  to  flow  along 
the  surface  of  each  pipe  and  overcome  or  reduce  the  tendency  to  local 
ebullition. 

The  changes  of  resistance  due  to  variations  in  the  strength  of  the  salt  solution, 
depth  of  immersion  of  the  terminals,  and  temperature  of  the  water,  are  such 
that  constant  attention  is  required  to  maintain  uniformity  in  the  output  with 
this  kind  of  rheostat.  When  uniformity  is  desired  without  such  attention  a 
rheostat  may  be  constructed  which  embodies  the  principles  referred  to  in  the 
description  of  the  apparatus  used  for  a  direct  current  rheostat,  which  Is  given 
on  Page  1701. 
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APPENDIX  NO.  24 

LOCATION  OF  INSTRUMENTS  FOR  BOILER  TESTS 

(a)  The  feedwater  tliermoiueter  should  be  placed  in  a  thermometer 
well  aud  inserted  in  the  feed  pipe.  Except  in  cases  where  an  injector  is 
used,  the  point  selected  should  be  as  near  as  practicable  to  the  boiler. 
Where  an  injector  is  employed,  and  the  water  is  weighed  or  measured  be- 
fore it  is  supplied  thereto,  the  well  should  be  placed  on  the  suction  side  of 
the  injector,  and  the  injector  should  receive  steam  through  a  short  covered 
pipe  connected  directly  to  the  boiler  under  test.  If  the  steam  is  taken  from 
some  other  source  and  it  is  of  different  pressure  and  different  quality  from 
that  of  the  boiler  under  test,  correction  should  be  made  for  such  differ- 
ence, and  especially  for  any  excessive  moisture  thus  introduced  into  the 
feedwater.  When  the  temperature  of  the  water  changes  between*  the  in- 
jector and  boiler,  as  by  the  use  of  a  heater  or  by  excessive  radiation,  the 
temperature  at  which  the  water  not  only  enters  and  leaves  the  injector, 
but  that  also  at  which  it  enters  the  boiler,  should  all  be  taken.  In  that 
case,  the  weight  to  be  used  is  that  of  the  water  leaving  the  injector,  com- 
puted from  the  heat  units  if  not  directly  measured  and  the  temperature, 
that  of  the  water  entering  the  boiler.  The  weight  of  condensed  steam  to 
be  added  to  the  weight  of  water  entering  the  injector,  to  obtain  that  leav- 
ing the  injector,  may  be  computed  by  multiplying  the  weight  entering  by 
the  proportion 

hs  —  hi 

7i,2  —  hs 
in  which 

/tj  =  heat  units  per  lb.  of  water  entering  injector 
/io  =  heat  units  per  lb.  of  steam  entering  injector 
hs  —  heat  units  per  lb.  of  water  leaving  injector 

(b)  The  location  of  the  steam  calorimeter  aud  steam  thermometer 
should  be  as  close  to  the  boiler  as  possible,  keeping  in  mind  the  directions 
given  on  page  1713. 

(c)  Draft  gages  should  be  attached  to  each  boiler  between  the  hand 
damper  and  the  boiler,  and  as  near  the  damper  as  practicable.  In  the  case 
of  a  plant  containing  a  number  of  boilers,  a  gage  should  also  be  attached 
to  the  main  flue  between  the  regulating  damper  and  the  boiler  plant.  It 
is  desirable  also  to  have  gages  connected  to  the  furnace  or  furnaces  of 
the  boilers,  ajid  in  cases  of  forced  blast,  to  the  ashpits  and  blower  ducts. 
If  there  is  an  economizer  in  the  flue  a  gage  should  be  connected  to  the  flue 
at  each  end  of  this  apparatus.  The  same  di'aft  gage  may  be  used  for  all 
the  points  noted,  provided  suitable  pipes  are  run  from  the  gage  to  each, 
arranged  so  as  to  be  readily  connected  to  either  point  at  will. 

(d)  The  flue  thermometer  should  be  located  where  it  will  show  the 
average  temperature  of  the  whole  body  of  gas.  For  an  extremely  large 
flue  the  thermometer  may  be  placed  in  an  oil  pot  of  small  diameter,  which 
is  suspended  in  the  flue,  and  the  thermometer  lifted  partially  out  of  the 
oil  when  the  temperature  is  read. 

(e)  The  sample  for  flue  gas  analysis  should  be  drawn  from  the  region 
near  the  center  of  the  main  body  of  escaping  gases,  and  the  point  selected 
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Should  be  one  where  there  is  no  chance  for  air  lealiage  into  the  flue,  which 
could  affect  the  average  quality.  In  a  round  or  square  tlue  having  an  area 
of  not  more  fhan  one-eighth  of  the  grate  surface,  the  sampling  pipe  may  be 
introduced  horizcmtally  at  a  central  point,  or  preferably  a  little  higher 
than  the  central  point,  and  the  pipe  should  contain  perforations  extending 
the  whole  length  of  the  part  immersed  and  i)ointing  toward  the  current  of 
gas,  the  collective  area  of  the  perforations  being  less  than  the  area  of  the 
pipe. 


APPENDIX  NO.  25 

l>KTERMINATION    OF    HEAT    CONSUMPTION    OF    ENGINES    AND 

TURBINES 


The  measurement  of  the  heat  consumption  requires  the  measurement  of 
each  supply  of  feedwater  to  the  boiler — that  is,  the  water  supplied  by  the 
main  feed  pump,  that  supplied  by  auxiliary  pumps,  such  as  jacket  water, 
water  from  separators,  drips,  etc.,  and  water  supplied  by  gravity  or  other 
means;  also  the  determination  of  the  temperature  of  the  water  supplied 
from  each  source,  together  with  the  pressure  and  quality  of  the  steam. 

The  temperatures  at  the  various  points  should  be  those  applying  to  the 
working  conditions.  It  frequently  happens  that  the  measurement  of  the 
water  requires  a  change  in  the  usual  temperature  of  supply.  For  example, 
where  the  main  supply  is  ordinarily  drawn  from  a  hot-well  in  which  the 
temperature  is,  say  100  deg.  fahr.,  it  may  be  necessary,  owing  to  the  low- 
level  of  the  well,  to  take  the  supply  from  some  source  under  a  pressure  or 
head  sufficient  to  fill  the  weighing  tanks  used,  and  this  supply  may  have  a 
temperature  much  below  that  of  the  hot-well ;  possibly  as  low  as  40  deg. 
fahr.  The  temperature  to  be  used  is  not  the  temperature  of  the  water  as 
weighed  in  this  case,  but  that  of  the  working  temperature  of  the  hot-well. 
The  working  temperature  in  cases  like  this  must  be  determined  by  a  special 
test,  and  included  in  the  log  sheets. 

In  determining  the  working  temperatures,  the  preliminary  or  subsequent  test 
should  be  continued  a  suflScient  time  to  obtain  uniform  indications,  and  such 
as  may  be  judged  to  be  an  average  for  the  working  conditions.  In  this  test 
It  is  necessary  to  have  some  guide  as  to  the  quantity  of  work  being  done,  and 
for  this  reason  the  power  developed  by  the  engine  should  be  determined  by  ob- 
taining a  full  set  of  diagrams  at  suitable  intervals  during  the  progress  of  the 
trial,  and  in  a  turbo-generator,  the  output  of  the  generator  should  be  observed. 
Observations  should  also  be  made  of  the  gages  connected  with  the  plant  and  of 
the  water  levels  in  the  boilers,  the  latter  being  maintained  at  a  uniform  point 
so  as  to  be  sure  that  the  rate  of  feeding  during  the  test  is  not  sensibly  differ- 
ent from  that  of  the  main  test. 

When  the  feedwater  is  all  supplied  by  one  feeding  instrument,  the  tempera- 
ture to  be  found  is  that  of  the  water  in  the  feed  pipe  near  the  point  where  it 
enters  the  boiler.  If  the  water  is  fed  by  an  injector  this  temperature  is  to  be 
corrected  for  the  heat  added  to  the  water  by  the  injector,  and  for  this  pur- 
pose the  temperatures  of  the  water  entering  and  of  that  leaving  the  injector 
are  both  observed.  If  the  water  does  not  pass  through  a  heater  on  its  way  to 
the  boiler  (that  is,  that  form  of  heater  which  depends  upon  the  rejecdn?  hp«t 
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of  the  engine  or  turbine,  such  as  that  contained  In  the  exhaust  iteam  either  of 
the  main  cylinders  or  turbine  or  of  the  auxiliary  pumps)  it  Is  sufBcient,  for 
practical  purposes,  to  take  the  temperature  of  the  water  at  the  source  of  sup- 
ply, whether  the  feeding  instrument  Is  a  pump  or  an  hijector. 

When  there  are  (wo  independent  sources  of  feedwater  supply,  one  the  main 
supply  from  the  hot-well,  or  from  some  other  source,  and  the  other  an  auxil- 
iary supply  derived  say  from  the  water  condensed  in  the  jackets  of  the  main 
engine  and  in  the  live-steam  reheater.  If  one  be  used,  they  are  to  be  treated  in- 
dependently. The  remarks  already  made  apply  to  the  first,  or  main,  supply. 
The  temperature  of  the  auxiliary  supply,  if  carried  by  an  Independent  pipe 
either  direct  to  the  boiler  or  to  the  main  feed  pipe  near  the  boiler,  is  to  be 
taken  at  a  convenient  point  in  the  independent  pipe. 

When  a  separator  Is  used  in  the  main  steam  pipe,  arranged  so  as  to  dis- 
charge the  entrained  water  back  into  the  boiler  by  gravity,  no  account  need 
be  made  of  the  temperature  of  the  water  thus  returned.  Should  it  discharge 
either  into  the  atmosphere  to  waste,  to  the  hot-well,  or  to  the  jacket  tank,  its 
temperature  is  to  be  determined  at  the  point  where  the  water  leaves  the  sep- 
arator before  its  pressure  is  reduced. 

When  a  separator  is  used,  and  it  drains  by  gravity  into  the  jacket  tank, 
this  tank  being  subjected  to  boiler  pressure,  the  temperatures  of  the  separator 
water  and  jacket  water  are  each  to  be  taken  before  their  entrance  to  the  tank. 
The  heat  to  be  determiued  is  that  used  by  the  entire  engine  or  turbine 
equipment,  embracing  the  main  cylinders  or  turbine  and  all  auxiliary  cyl- 
inders and  mechanism  concerned  in  the  operation  of  the  engine,  including 
the  air  pump,  circulating  pump,  and  feed  pumps,  also  the  jacket  and  re- 
heater  when  these  are  used.  No  deduction  is  to  be  made  for  steam  used 
by  auxiliaries  unless  these  are  shown  by  test  to  be  unduly  wasteful.  In 
this  matter  an  exception  should  be  made  in  cases  of  guarantee  tests  where 
the  engine  contractor  furnishes  all  the  auxiliaries  referred  to.  He  should, 
in  that  case,  be  responsible  for  the  whole,  and  no  allowance  should  be  made 
for  inferior  economy,  if  such  exists.  Should  a  deduction  be  made  on  ac- 
count of  the  auxiliaries  being  unduly  wasteful,  the  method  of  waste  and 
its  extent,  as  compared  with  a  standard  of  known  value,  should  be  definitely 
noted. 

The  steam  pressure  and  the  quality  of  the  steam  are  to  be  taken  at  some 
point  conveniently  near  the  throttle  valve.  The  quantity  of  steam  used  by 
the  calorimeter  must  be  determined  and  properly  allowed  for. 
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BRITISH  STANDARD  OF  ENGINE  ECONOMY 

The  British  standard,  which  gives  the  heat  consumption  per  minute  per 
unit  of  power,  relates  to  the  heat  calculated  from  an  assumed  temperature 
of  the  feedwater,  which  is  taken  as  that  corresponding  to  the  back  pressure 
steam,  allowance  being  made  for  heat  derived  from  the  drips  of  jackets, 
reheaters.  etc. 

As  to  the  adaptability  of  the  British  standard,  as  compared  with  the  standard 
given  in  this  code,  it  should  be  borne  in  mind  that  the  practical  utility  of  an 
engine  depends  almost  wholly  upon  the  fact  that  it  Is  used  for  some  form  of 
Industrial  work,  and,  in  combination  with  a  boiler  and  various  appurtenances, 
it  Is  a  part  of  a  complete  power  plant.  Were  it  not  for  the  unreliable  charac- 
ter of  coal  and  other  fuels,  the  proper  standard  of  economy  for  such  an  engine, 
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with  a  boiler  of  given  efficiency,  would  be  the  fuel  consumed,  because  fuel  Is, 
in  reality,  the  source  of  the  power,  and  this  is  the  most  Important  thing  to  be 
supplied  in  operating  the  engine.  The  use  of  a  standard  of  heat  units  in  place 
of  fuel,  meets  the  objectionable  characteristics  of  coal  due  to  Its  heat  variabil- 
ity, and  in  doing  this  It  malies  no  change  in  the  conditions  under  which  the 
standard  should  bo  employed.  These  are  the  actual  conditions  of  use,  and  not 
the  ideal  conditions.  The  British  method  furnishes  a  means  of  determining 
and  stating  the  ideal  performance  of  an  engine  working  under  assumed  condi- 
tions.    It  does  not  give  the  performance  of  the  entire  engine  plant  under  the 
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Fig.  19    Actual  Diagram  Receiver  Engine 


actual  conditions  as  affected  by  the  efficiency  of  the  heaters  and  auxiliaries, 
although  the  performance  under  such  conditions  is  usually  of  the  greatest  Im- 
porfance. 

The  British  standard  Is  useful  in  the  following  particulars : 

(1)  It  expresses  the  economy  of  the  engine  as  an  independent  ma- 
chine, unaffected  by  the  failings  of  the  feedwater  heater  or  condenser. 

(2)  In  this  form,  it  is  useful  for  expressing  the  economy  of  an 
engine  in  the  testing  shop  of  an  engine  builder,  or  in  the  mechanical 
laboratory  of  a  college,  where  it  forms  no  part  of  a  power  plant. 

(3)  A  comparison  of  the  British  standard  with  the  economy  of  an 
ideal  engine  working  between  the  same  limits  of  temperature  reveals 
those  losses  going  on  which  are  due  to  the  engine  alone,  and  this  fur- 
nishes information  not  otherwise  obtained. 


Note  :  A  method  of  studying  cylinder  performance  by  means  of  logarithmic  dia- 
grams has  been  proposed  by  J.  Paul  Clayton.  See  The  Journal,  Am.  Soc. 
M.   E.,  April   1912. 
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APPENDIX  NO.  27 

THE   COMBINED   DIAGRAM 

The  Combined  Diagram  is  a  hypothetical  figure,  wliich  in  its  essential 
features  represents  an  indicator  diagram  which  would  be  obtained  if  the 
whole  process  of  admission,  expansion  and  exhaust  occurred  in  one  cylin- 
der, viz.,  the  low-pressure  cylinder.  It  is  a  diagram  from  which  the  pres- 
sure of  the  steam  at  any  point  in  the  stroke  of  either  cylinder,  and  the 
volume  of  that  steam  can  be  measured  from  one  diagram,  in  the  same  man- 
ner that  it  can  be  measured  in  the  case  of  a  single  cylinder  engine  from 
the  actual  indicator  diagram. 

The  general  method  of  laying  out  a  combined  diagram  is  shown  clearly  in  Figs.  19 
to  22*,  the  first  of  which  refers  to  a  Corliss  compound  engine  (receiver  type)  in 
which  the  cylinder  ratio  is  3.72,  and  the  clearance  4  per  cent  and  8  per  cent, 
respectively,  and  the  second  to  a  Westinghouse  compound  engine  (Woolf  type), 
in  which  the  cylinder  ratio  is  2.72,  and  the  clearances,  33  per  cent  and  9  per 
cent,  respectively. 

APPENDIX  NO.  28 

DIAGRAM  FACTOR 

The  diagram  factor  is  the  proportion  borne  by  the  mean  effective  pres- 
sure measured  from  the  actual  diagram  to  that  of  an  ideal  diagram  which 
represents  the  maximum  power  obtainable  from  the  steam  accounted  for 
by  the  actual  diagram  at  the  point  of  cut-off ;  assuming  first  that  the  engine 
has  no  clearance;  second,  that  there  are  no  losses  through  wire-drawing 
the  steam  either  during  admission  or  release ;  third,  that  the  expansion  line 
is  a  hyperbolic  curve ;  and,  fourth,  that  the  initial  pressure  is  that  of  the 
boiler ;  and  the  back  pressure  that  of  the  atmosphere  for  a  non-condensing 
engine,  and  of  the  condenser  for  a  condensing  engine. 

The  method  of  determining  the  diagram  factor  is  illustrated  in  Figs.  23  to  26*, 
which  apply  to  a  simple  non-condensing  engine,  a  simple  condensing  engine, 
and  a  compound  condensing  engine.  In  Fig.  23,  RS  represents  the  volume  of 
steam  at  boiler  pressure  admitted  to  the  cylinder,  PR  and  08  being  hyperbolic 
curves  drawn  through  the  compression  and  cut-off  points  respectively.  In  Fig. 
24  the  factor  is  the  proportion  borne  by  the  area  of  the  actual  diagram  to  that 
of  the  diagram  CNH8E.  In  Fig.  25  the  factor  is  the  proportion  borne  to  the 
arc  of  the  diagram  GNH8E.  In  Fig.  26  the  factor  is  the  proportion  borne  by 
the  area  of  the  two  combined  diagrams  to  the  area  CNH8K.  In  Fig.  24  where 
the  diagram  is  the  same  as  in  Fig.  23,  the  distance  CN  is  laid  oflf  equal  to  R8 
shown  in  Fig.  23,  and  the  curve  NH  is  a  hyperbola  referred  to  the  zero  lines 
CM  and  MJ.  In  Fig.  25  the  distance  CN  is  found  in  a  similar  way.  In  Fig. 
26  the  distance  CN  for  the  high-pressure  cylinder  is  found  in  the  same  manner 
as  in  the  case  of  a  simple  engine.  The  mean  effective  pressure  of  the  ideal 
diagram  can  readily  be  obtained  from  the  formula 
P 

—  (1  -f  hyperbolic  logarithm  R)  —  p 
R 
where 

P  =  absolute  pressure  of  steam  in  boiler 
MJ 

R  =  

CN 
p    =  pressure  of  atmosphere  or  that  in  condenser 

*  Reproduced  from  Trans.  Am.  Soo.  M.  E.,  vol.  24,  pp.  746,  748,  753,  764,  figt>.  123-126, 
130-133. 
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Fig.  20    Combined  Diagram  Receiver  Engine 
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Fig.  23     Diagram  Factor  Net  Volume 
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Fig.  25    Diagram  Factor  Condensing  Engine 
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Fig.  26    Diagram  Factor  Compound  Engine 


Line  of  Pressure, 
in  Condenser 


1866  REPORT  OF  POWER  TEST  COMMITTEE 

APPENDIX  NO.  29 

HEAT  ANALYSIS 

Refereuce  may  be  made  to  standard  textbooks  on  thermodynamics  for 
detailed  information  regarding  the  methods  to  be  pursued  and  the  for- 
mulae to  be  used  in  working  out  the  heat  analysis  in  a  steam  engine  re- 
quired in  research  work.  The  principles  involved  may  be  briefly  sum- 
marized as  follows : 

A  certain  amount  of  heat  is  supplied  to  the  engine  in  a  given  time,  and  this  is  rep- 
resented by  the  number  of  lb.  of  steam  supplied,  multiplied  by  Its  total  heat. 
A  part  of  this  heat  is  used  in  the  jacket,  if  one  be  employed,  and  the  balauee 
passes  through  the  cylinder.  That  entering  the  jacket  is  lost  partly  by  radia- 
tion from  the  outside  surface,  and  the  remaining  portion  enters  the  walls  of 
the  cylinder  and  is  taken  up  by  the  steam  within  it.  The  operations  going  on 
within  the  cylinder  consist,  first,  of  the  transfer  of  a  portion  of  the  entering 
heat  into  a  small  portion  of  the  thicknes.s  of  the  walls  of  the  cylinder,  heating 
them  to  the  temperature  of  the  entering  steam.  This  transfer  of  heat  is  most 
active  during  the  period  of  steam  admission  and  up  to  the  point  of  cut-off. 
After  the  cut-off,  the  transfer  continues  until  the  lower  pressure  due  to  expan- 
sion reaches  such  a  point  that  the  temperature  of  the  steam  is  below  that  of 
the  interior  surfaces  last  uncovered.  Then  the  Interchange  of  heat  is  reversed, 
and  the  metal  gives  up  heat  to  the  steam  and  causes  what  is  known  as  re- 
evaporation  of  the  particles  of  water  on  the  surface  of  the  cast-iron  walls  and 
piston.  The  giving  up  of  heat  from  the  small  thickness  of  the  surfaces  which 
were  heated  during  admission  begins  after  cut-off  takes  place,  or,  to  be  more 
explicit,  after  the  pressure  begins  to  fall,  and  continues  during  the  entire 
stroke.  Heat  is  also  given  off  from  the  metal  of  the  cylinder  to  the  steam, 
due  to  the  higher  temperature  of  the  jacket,  if  any  be  used,  and  this  occurs 
throughout  the  whole  of  the  stroke,  assuming,  what  is  usually  true,  that  the 
pressure  of  steam  in  the  jacket  is  greater  than  that  in  the  cylinder. 

There  is  another  action  going  on  in  the  cylinder  and  that  is  the  loss  of  heat 
due  to  the  performance  of  work.  There  is  also  a  loss  of  heat,  due  to  radiation 
from  those  portions  of  the  cylinder  not  protected  by  the  jacket.  The  quantity 
of  heat  remaining  after  the  steam  has  been  subjected  to  these  various  com 
plicated  actions  is  that  which  passes  out  with  the  steam  through  the  exhaust 
valve  and  is  thereby  "  rejected,"  as  it  is  termed,  to  the  condenser  or  to  the 
atmosphere.  The  heat  analysis  determines  the  amount  of  heat  which  is  used 
and  transferred  in  these  various  actions  during  the  time  in  question,  and  the 
various  percentages  which  these  amounts  bear  to  the  total  quantity  of  heat 
supplied. 

APPENDIX  NO.  30 

TEMPERATURE-ENTROPY  DIAGRAM 

The  study  of  the  heat  analysis  is  facilitated  by  the  use  of  the  tempera- 
ture-entropy diagram,  in  which  areas  represent  quantities  of  heat,  the  co- 
ordinates being  the  absolute  temperature  and  entropy.  Such  a  diagram  is 
shown  in  Fig.  27*. 

When  the  quantities  given  in  the  steam  tables  are  plotted,  two  curves, 
AA  and  BB,  are  obtained,  which  may  be  termed  the  water  line  and 
the  steam  line,  AA  being  the  logarithmic  curve  if  the  specific  heat 

*  Reproduced  from  Trana.  Am.  Soc.  M.  E.,  vol.  24,  p   758,  fig.  134. 
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of  the  water  is  taken  as  constant.  The  diagram  refers  to  a  unit 
weight  of  the  agent.  The  heat  necessary  to  raise  a  pound  of  water 
from  the  temperature  ma  to  the  temperature  />«'  and  evaporate  it  at 
that  temperature  is  represented  by  the  area  aa'b'qm.  [f  the  steam 
he  now  expanded  adiabatically  the  temperature  will  fall  to  qs  and  x 
as 


per  cent 


ab 


will  remain  as  steam,  the  rest  being  liquefied.     If  the 


steam  is  now  rejected,  it  carries  away  with  it  the  heat  sqma,  the 


Fig.  27    Tempebatuke-Entbopy  Diagram 


work  area  being  a'b'sa,  from  which  must  be  deducted  the  work  ie> 
(expressed  in  heat  units)  to  pump  a  pound  of  water  into  the  boiler 
The  efficiency  of  this  cycle  is  evidently 
h  +  Li  —  xLi  —  w 
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By  the  action  of  the  walls  a  portion  of  the  steam  is  liquefied  prior  to  the 
expansion,  which  therefore  begins  at  e,  and  since  the  cooling  action 
of  the  walls  continues,  the  expansion  line  falls  off  to  e/,  from  which 
point  a  reverse  action  takes  place,  and  the  expansion  line  bends  over 
to  g.  Finally,  since  the  release  takes  place  before  the  condenser 
temperature  is  reached,  the  heat  rejection  starts  at  (j,  following  a 
line  of  equal  volume  until  the  exhaust  port  temperature  is  reached  at 
).  If  heat  is  added  during  expansion  enough  to  keep  the  steam  theo- 
retically saturated,  as,  for  example,  by  a  water  jacket,  such  addi- 
tional heat  is  represented  by  the  area  b'hnq,  and  the  additional  work 
obtained  by  the  triangle  h'hs.  If  the  steam  is  superheated  sufB- 
ciently   to  give  by  expansion   theoretically   dry    steam    at   the  end, 


Fig.  2S     Temperature-Entropy  Diagram 


such  additional  heat  is  reitresented  by  the  area  b'vnq  and  the  addi- 
tional work  by  h'vbs.  Neither  of  these  extra  amounts  of  work  are 
realized  in  ])ractice,  and  it  is  evident  from  the  diagram  that  the 
heat  thus  applied  is  in  both  cases  less  efficient  than  in  the  principal 
cycle.  Nevertheless  the  action  in  each  case  is  to  bring  the  point  e 
nearer  the  point  &',  and  to  effect  a  notable  net  economy. 

The  Carnot  cycle  would  be  obtained  if  in  the  Rankine  cycle  the 
rejection  of  heat  were  stopped  at  r,  and  the  temperature  of  the  mix- 
ture raised  to  a'  by  compression.  This  cannot  be  practically  accom- 
plished, but  a  system  of  feedwater  heaters  has  been  suggested  and 
exemplified  in  the  Nordberg  engine,  w'hich  is  theoretically  a  close 
equivalent  to  it.     Where  steam  is  expanded  in,  say,  three  cylinders. 


APPENDICES 


1869 


the  feedvvater  may  be  successively  heated  from  the  rec*eiver  inter- 
mediate between  each  pair,  the  effect  of  which  is  illustrated  in  Fig. 
28*.    The  expansion  line  follows  the  heavy  line,  being  carried  over  to 
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Fig.  29*     Heat  Units  Expended  per  i.h.p.  per  Minute  by  Ideal  Steam 
Engine  Conforming  to  Rankine  Cycle 

y  by  the  first  feedwater  heater  and  to  y'  by  the  second  feedwater 
heater.  With  an  infinite  number  of  such  feedwater  heaters,  the  line 
yy'  would  be  parallel  to  aa',  and  the  cycle  equivalent  to  that  of  Car- 
not. 


*  Reproduced  from  Trans.  Am.  Soc.  M.  E.,  Vol.  24,  pp.  759,  761,  fig8.  135,  136. 
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APPENDIX  NO.  31 

RATIO  OF  ECONOMY  OF  AN  ENGINE  TO  THAT  OF  AN  IDEAL 

ENGINE 

The  ideal  engine  is  assumed  to  be  ttie  same  as  that  used  for  the  British 
Institution  of  Civil  Engineers  Standard.  It  is  one  which  conforms  to  the 
Rankine  cycle,  in  which  an  ideal  cylinder  with  no  clearance  is  used.  Steam 
is  admitted  at  constant  pressure  and  expanded  adiabatically  to  the  back 
pressure. 

The  ratio  desired  is  obtained  by  dividing  the  heat  consumption  of  the 
ideal  engine  by  that  of  the  actual  engine. 

To  facilitate  the  determination  of  this  ratio  the  heat  consumption  of  the  Ideal 
engine  may  be  obtained  from  the  chart  given  in  Pig.  29  which  is  copied  from 
the  Proceedings  of  the  Institution  of  Civil  Engineers.  In  this  chart  ta  repre- 
sents the  temperature  of  saturated  steam  at  the  boiler  pressure  in  deg.  fahr.  ; 
fsa  that  of  the  steam  furnished  to  the  engine  should  there  be  superheating ; 
tt  that  of  the  exhaust.  The  heat  units  consumed  per  minute  per  i.h.p.  can  be 
read  oflf  directly  from  the  curves  given  in  the  upper  portion  of  the  diagram  ; 
thus  If  the  temperature  of  the  exhaust  (U)  is  212  deg.  fahr.,  and  the  tempera- 
lure  of  the  steam  at  boiler  pressure  is  350  deg.  fahr.,  the  heat  consumption  is 
265  heat  units  per  i.h.p.  per  minute.  If  the  steam  is  superheated,  the  quan- 
tity is  corrected  by  employing  the  factor  obtained  from  the  lower  part  of  the 
diagram.  Opposite  the  temperature  of  saturation  corresponding  to  the  pres- 
sure in  the  boiler,  and  on  the  curve  corresponding  to  the  temperature  of  super- 
heated steam  (tax)  is  found  a  coefflciout.  This  coefficient  multiplied  by  the  ex- 
haust temperature,  and  by  the  heat  consumption  per  minute,  gives  the  deduc- 
tion to  be  made  on  account  of  the  superheating.  Thus,  if  the  temperature  of 
the  superheated  stea.Ti  is  500  deg.  fahr.  in  the  case  noted,  we  find  opposite 
350  deg.  for  fi,  and  on  the  curve  for  Ua  —  500  deg.,  the  coefficient  0.00015. 
The  correction  is  0.00015  X  212  X  265  —  8.5  B.t.u.,  and  the  heat  consumption 
with  superheated  st(>am  is  265  —  8.5  =  256.5  B.t.u.  per  i.h.p.  per  minute. 
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LEAKAGE  TEST  OF  INSIDE  PLUNGER  PUMP 


The  leakage  of  an  inside  plunger  is  most  satisfactorily  determined  by 
making  the  test  with  the  cylinder  head  removed.  A  wide  board  or  plank 
may  be  temporarily  bolted  to  the  lower  part  of  the  end  of  the  cylinder,  so 
as  to  hold  back  the  water  in  the  manner  of  a  dam,  and  an  opening  made 
in  the  temporary  head  thus  provided  for  the  reception  of  an  overflow  pipe. 
The  plunger  is  blocked  at  some  intermediate  point  in  the  stroke  (or,  if  this 
position  is  not  practicable,  at  the  end  of  the  stroke),  and  the  water  from 
the  force  main  is  admitted  at  full  pressure  behind  it.  The  leakage  escapes 
through  the  overflow  pipe,  and  it  is  collected  in  barrels  and  measured. 

Should  the  escape  of  the  water  into  the  engine  room  be  objectionable,  a 
spout  may  be  ccmstructed  to  carry  it  out  of  the  building.  Where  the  leak- 
age is  too  great  to  be  readily  measured  in  barrels,  or  where  other  objec- 
tions arise,  resort  may  be  had  to  weir  or  orifice  measurement,  the  weir  or 
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oritice  taking  (lie  placv  of  the  ovcnllow  [npe  in  the  \vt>udL'ii  head.  The  Lest 
should  lie  made,  if  jiossihle,  with  the  plunger  in  various  positions. 

In  a  case  where  it  is  ditiicuU  lo  remove  the  cylinder  head,  it  may  be  de- 
sirable to  take  the  leakage  Ironi  one  of  the  openings  provided  lor  the  in- 
spection of  the  suction  valves,  the  head  remaining  in  place. 

It  is  here  assumed  that  there  is  a  practical  absence  of  valve  leakage,  a 
condition  of  things  which  ought  to  be  attiiined  in  all  well-constructetl 
pumps.  Examination  for  such  leakage  should  be  made  first  of  all,  and  if  it 
occurs  and  it  is  found  to  be  due  to  disordered  valves,  it  should  be  remedied 
before  making  the  plunger  test.  Leakage  of  the  discharge  valves  will  be 
shown  by  water  passing  down  into  the  empty  cylinder  at  either  end  when 
they  are  under  pressure.  Leakage  of  the  suction  valves  will  be  shown  by 
the  disappearance  of  water  which  covers  them. 

If  valve  leakage  is  found  which  cannot  be  remedied,  the  quantity  of  water 
thus  lost  should  also  be  tested.  The  determination  of  the  quantity  which 
leaks  through  the  suction  valves,  where  there  is  no  gate  in  the  suction  pipe, 
must  be  made  by  indirect  means.  One  method  is  to  measure  the  amount  of 
water  required  to  maintain  a  certain  pressure  in  the  punqt  cylinder  when 
this  is  introduced  through  a  pipe  temporarily  erected,  no  waler  being  al- 
lowed to  enter  through  the  discharge  valves  of  the  pump. 


APPENDIX  NO.  33 


LOCOMOTIVE   TESTING    HTATIOXS 

The  shop  test  described  in  the  Locomotive  Code  cannot  readily  be  made 
unless  a  testing  station  is  available  where  the  locomotive  may  be  sent,  and 
where  this  work  may  be  carried  on.  Such  a  station  is  too  expensive  to 
be  constructed  for  the  purpose  of  ascertaining  the  performance  of  an  indi- 
vidual locomotive.  Ho^v  to  arrange  and  install  a  shop-testing  plant  seems 
therefore  a  matter  for  independent  consideration. 

A  number  of  universities  have  these  plants  in  use  or  in  process  of  instal- 
lation, a  notable  instance  being  the  Purdue  University,  which  was  the  first 
to  inaugurate  the  shop  test. 

The  most  elaborate  work  that  has  recently  been  done  in  the  shop- 
testing  line  is  that  which  was  carried  on  in  1904  by  the  Pennsylvania  Rail- 
road Company  at  ttie  Louisiana  Purchase  Exposition,  St.  Louis.  A  full 
description  of  the  plant  there  installed,  and  of  the  tests  made  upon  it,  may 
lie  found  in  a  volume  pulilished  in  1905  by  that  company,  entitled  "  Locomo- 
tive Tests  and  Exhibits."  A  study  of  this  book  is  conunended  to  any  who 
require  detailed  Information  regarding  the  design,  construction,  and  oper- 
ation of  shop-testing  apparatus.  The  plant  and  tests  referred  to  were 
planned  under  the  counsel  of  an  advisory  board,  three  of  whom  were  mem- 
bers (if  the  Society. 
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LOCATION  OF  APPARATUS  AND  INSTRUMENTS  FOR  LOCOMOTIVE 

TESTS 

The  locatiou  of  apparatus  and  iustruuients  iu  a  shop  test  do  uot  ueed  to 
conform  to  restrictions  of  space  such  as  pertain  to  road  tests,  and  sub- 
stantially the  same  considerations  apply  in  that  case  as  in  the  ordinary 
stationary  steam  plant.  Reference  may  therefore  be  made  to  the  Boiler 
and  Engine  Codes  for  any  needed  instructions  in  this  matter. 

As  to  the  locations  and  requirements  for  road  tests,  the  following  direc- 
tions should  be  observed : 

(1)  The  water  meter  should  be  attached  to  the  suction  pipe  of  the 
injector  at  a  point  whei*e  it  can  be  conveniently  read  when  the  train 
is  in  motion.  A  check  valve  should  be  provided  to  prevent  hot  water 
backing  through  it  when  starting  and  stopping  the  injector,  as  also  a 
strainer. 

(2)  The  indicator  driving  rig  should  be  some  form  of  pantograph  mo- 
tion, with  a  light  rod  transmitting  the  reduced  motion  to  a  point  near 
the  indicator.  Lack  of  room  and  facility  of  operation  make  it  de- 
sirable to  use  a  single  indicator  for  each  cylinder,  connected  to  the 
two  ends  by  a  three-way  cock.  It  is  best  to  carry  the  pipes  to  the 
side  of  the  cylinder  rather  than  the  heads,  and  provide  a  branch 
leading  to  the  steam  chest,  sharp  bends  being  avoided,  and  the  out- 
side protected  from  radiation.  Absolute  rigidity  of  the  indicator 
cock  is  essential,  and  it  should  be  obtained  by  clamping  it  securely 
to  the  cylinder. 

(3)  A  special  steam  gage  should  be  employed  which  can  be  read  by  the 
observer  stationed  in  the  pilot  box  at  the  front  end. 

(4)  A  rod  should  be  attached  to  the  reverse  lever  and  carried  for- 
ward to  the  pilot  box,  where  a  scale  is  provided  to  show  its  position. 
A  rod  should  likewise  be  connected  to  the  throttle-valve  lever  for 
the  same  purpose. 

(5)  The  draft  gage  may  be  a  simple  U-tube  containing  water,  and  it 
can  best  be  placed  in  the  pilot  box.  A  rubber  tube  connection  should 
be  provided  which  may  be  attached  at  will  to  pipes  leading  to  the 
smoke  box  and  furnace. 

(6)  The  flue  thermometer  should  be  one  graduated  to  1000  deg.  fahr., 
and  inserted  so  that  the  bulb  occupies  a  position  below  the  tip  of 
the  exhaust  nozzles  and  between  them  and  the  front  tube  plate  of 
the  boiler. 
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FOREIGN  REVIEW 

Considerations  of  space  make  it  impracticable  to  give  equall}'^ 
full  abstracts  of  all  papers  in  foreign  periodicals  containing 
matter  of  interest  to  the  American  mechanical  engineer.  Not 
more  than  a  few  lines  sometimes  can  be  given  to  an  article  in  the 
Foreign  Eeview.  The  editor  would  be  glad,  however,  to  receive 
inquiries  for  further  information  in  connection  with  such  short 
abstracts,  and  will  so  far  as  possible  reply  either  by  letter  or 
by  the  publication  of  fuller  abstracts  in  subsequent  issues  of  The 
Journal.  Articles  are  classified  as  c  comparative;  d  descriptive; 
e  experimental;  g  general;  h  historical;  m  mathematical;  p  prac- 
tical; t  theoretical.  Articles  of  exceptional  merit  are  rated  A 
by  the  reviewer.  Opinions  expressed  are  those  of  the  reviewer, 
not  of  the  Society. 

The  abstracts  in  the  Foreign  Review,  with  few  exceptions  (as 
in  the  case  of  articles  running  through  more  than  one  issue), 
are  made  from  publications  which  have  reached  the  Library 
of  the  Engineering  Societies  during  the  preceding  month.  Even 
with  a  selection  thus  limited  to  one  month  one  cannot  help  being 
impressed  by  the  wide  range  of  investigation  covered  by  Euro- 
pean laboratories  and  the  readiness  with  which  manufacturers 
on  the  other  side  of  the  water  adopt  the  most  modern  methods. 

THIS   month's   articles 

Besides  notices  of  several  investigations  made  in  Holland  and 
German}^  in  connection  with  concrete  and  reinforced-concrete 
practice,  there  are  given  this  month  accounts  of  experiments  with 
methods  of  treating  boiler  sheets  to  avoid  initial  stresses  and 
cracking  when  assembling  and  riveting  the  boiler  shell.  Experi- 
ments upon  gas  velocity  and  energy  of  flow  are  also  outlined. 

The  results  of  such  investigations  are  sometimes  negative 
in  character,  as  when  it  is  shown  that  sulphur  in  fuel  oil 
used  in  an  internal-combustion  engine  does  not  injure  it;  or  that 
a  cheaper  process  or  material  may  be  used  just  as  well  as  one 
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more  expensive,  cast-iron  pipes  in  economizers  being  as  good 
as  or  better  than  wrought-iron  ones,  or  slag  cement  practically 
equal  to  portland  cement.  On  the  other  hand,  new  apparatus 
sometimes  results  from  such  experiments.  For  example,  W. 
Gaede,  from  what  appeared  a  purely  theoretical  investigation  of 
external  friction  between  gas  molecules  and  the  walls  of  a  vessel, 
and  the  angle  of  rebound  of  the  molecules,  designed  a  new  vacu- 
um pump,  exceeding  mercury  vacuum  pumps  in  speed  and  flexi- 
bility of  operation.  That  manufacturers  are  not  slow  to  take  ad- 
vantage of  experiments,  is  shown  in  the  installation  for  testing 
materials  of  the  Protos  Automobile  Company  of  Nonnendamm, 
which  includes  apparatus  for  metallographic  and  microphoto- 
graphic  tests  and  the  application  of  the  latest  processes  such  as 
the  Heyn  etching  process,  and  which  not  many  universities  in 
this  country  or  abroad  can  equal  for  completeness. 

More  and  more  space  in  engineering  publications  is  being 
taken  by  new  problems  hardly  mentioned  a  few  years  ago.  Thus, 
whole  issues  last  month  were  devoted  to  heavier-than-air  flying 
machines  by  Der  praktische  Maschinen-Konstrukteur   (no.  18) 

and  Me  moires  de  la  Societe  des  Ing^nieurs  Civils  de  France 
(July),  besides  a  large  number  of  articles  in  other  periodicals, 
one  of  which,  by  M.  Rateau,  from  a  paper  read  some  time  ago 
before  the  Association  Technique  Maritime,  will  be  abstracted 
in  the  next  number  of  The  Journal.  Some  attempts  at  solving 
another  new  problem,  driving  an  internal-combustion  engine  on 
stored  oxygen  under  the  peculiar  working  conditions  existing 
in  a  submarine  boat,  are  reported  in  this  issue. 

Among  articles  of  a  theoretical  character,  attention  is  called 
to  the  continuation  of  Karl  Mayer's  investigation  on  the  theory 
of  plunger  pumps,  and  Professor  Dwelshauvers-Dery's  very 
favorable  criticism  of  J.  Paul  Clayton's  method  of  logarithmic 
indicator  diagrams,  presented  at  the  Spring  Meeting  of  the  So- 
ciety in  Cleveland.  Mr.  Mayer  is  the  author  of  an  important 
work  on  the  theory  and  design  of  plunger  pumps  and  is  con- 
sidered an  authority  on  this  subject  in  Germany.  His  article, 
together  with  the  Borsig  tests  of  duplex-spring  valves  in  pumps, 
of  which  an  abstract  was  given  in  the  October  issue  of  The 
Journal,  form  a  noteworthy  contribution  to  the  theory  of  this 
type  of  machinery. 

Professor  Dwelshauvers-Derv  calls  attention  to  the  fact  that 
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the  usual  steam  engine  indicator  diagram  made  up  of  the  head 
and  crank  diagrams  docs  not  at  all  represent  the  average  condi- 
tions in  the  engine  cylinder,  and  that,  moreover,  the  law  of 
compression  of  steam  in  the  engine  cylinder  differs  from  that 
of  expansion.  It  is  a  rather  interesting  fact,  considering  that 
the  engineering  world  has  been  using  the  steam  indicator,  in 
one  form  or  another,  almost  ever  since  the  days  of  James  Watt, 
that  Prof.  Dery,  writing  in  the  Revue  de  Mecanique,  a  highly 
technical  publication,  still  finds  it  necessary  to  emphasize  the 
necessity  of  certain  precautions  in  using  this  instrument. 
Air  Conditioning 

Methods  of  A^entii.ation  and  Kkfkigekation  of  Ki.ectkic  Plants 
{I'rocvdes  dc,  rcntilutioii  ct  ilc  refrigeration  des  installations  6lectriques, 
H.  Marcbaud.  l/Industric  ^lectriqiie,  vol.  21,  no.  497,  p.  397,  September 
10,  1912.  3  pp.  p).  General  discussion  of  ventilation  and  metbods  for 
keeping  cool  electric  generating  stations. 

Air  Machinery 

Steel  Plant  Blowing  Engines  Built  by  Leflaive  &  Cie  {Machines 
soufflantcs  d'aci^rics  consiruiics  par  la  inaison  Leflaive  &  Cie.  Le  G&nie 
Civil,  vol.  61,  no.  19,  p.  373,  September  7,  1912.  4  pp.,  10  figs.  d).  Recipro- 
cating steam  engines  with  two  parallel  cylinders,  according  to  tbe  author, 
are  better  adapted  for  driving  blowers  in  steel  plants  than  either  steam 
turbines  or  gas  engines :  tbe  blowing  of  a  converter  is  an  operation  of 
only  a  few  minutes  during  which  the  engine  has  to  reach  from  zero,  its 
maximum  speed,  and  return  to  rest ;  the  air  pressure  varies  from  0  to 
3  kg,  or  42.6  lb.  per  sq.  in.,  and  the  power  developed  from  zero  to  thousands 
of  horsepower.  Tbe  reciprocating  steam  engine  can  satisfy  better  than 
any  other  motor  tbe  required  conditions  of  intermittent  working,  rapid 
starting  and  stopping,  working  at  constantly  varying  speed  and  output. 
When  tbe  blowers  are  driven  by  gas  engines,  the  problem  is  somewhat 
simplified  by  having  the  engine  w^ork  all  the  time,  though  at  various  rates ; 
but  this  is  not  economic. 

The  described  blower  is  provided  with  Hoeri)iger  valves.  The  article  con- 
tains a  detailed  description  of  tbe  Collmann  steam  engine  with  the  Coll- 
mann  valve  gear  with  catch. 

Fuels 

Fabrication  of  Lean  Gas  by  Dry  Distillation  of  Sludge  from  Septic 
Tanks  {La  fabrication  de  gaz  pauvre  par  distillation  pyrogdn^e  des  boues 
de  fosses  septiques,  L.  Cavel.  Le  Genie  Civil,  vol.  61,  no.  21.  p.  418,  Sep- 
tember 21,  1912.  2  pp.  g).  Discussion  of  the  question  of  disposal  of  the 
sludge  from  septic  tanks  first  by  drying  it  by  exhaust  steam  from  the 
pumping  machineiT,  and  then  gasifying  It  for  power  purposes.  Sludge  gas 
is  claimed  to  have  a  high  calorific  value.  Tbe  article  does  not  report  any 
actual  application  of  this  scheme. 
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Bbiquettinq  of  Goal  with  the  Addition  of  Naphthaline  {8tein- 
kohlenbrikettieruny  mit  Naphtalinzusats,  Grahu.  Gliickauf,  vol.  48,  no. 
38,  p.  1536,  September  21,  1912.  11/2  pp.,  2  figs.  d).  The  first  process 
used  in  Germany  of  coal  briqiietting  with  naphthaline  as  a  binder  was  that 
of  Buss-Fohr  in  which  naphthaline  was  introduced  together  with  super- 
heated steam  having  a  temperature  somewhat  higher  than  the  boiling 
point  of  the  naphthaline,  the  idea  being  that  the  naphthaline  would 
evaporate,  and  thoroughly  permeate  the  coal  mass.  The  temperature  of 
the  steam  proved,  however,  to  be  too  low,  and  no  higher  temperature  could 
be  used  owing  to  the  difflculty  of  handling  in  the  presses  masses  that 
are  too  hot. 

The  Shiiriug  process  described  in  the  present  article  avoids  this  diffi- 
culty first  by  evaporating  the  naphthaline  in  a  special  gasifier,  and  then 
introducing  it  by  steam  pressure  into  the  deeper  zones  of  the  coal  dust. 
Tar  is  still  used  as  a  binder,  but  instead  of  6y2  per  cent  required  when 
no  naphthaline  is  added,  good  briquettes  can  be  produced  with  414  to  5  per 
cent  tar  and  only  0.3  per  cent  naphthaline. 

Measurement  of  Coal  Consumption  in  Revolving  Tubular  Kilns 
BY  Flue  Gas  Analysis  (Messung  des  Eohlenverbrauches  von  Drehroh- 
rofen  durch  Rauchyasanalyse.  Tonindustrie-Zeituny,  vol.  36,  no.  106, 
p.  1147,  September  7,  1912.  3  pp.  pt).  Account  of  a  paper  presented  by 
Dr.  H.  Kiihl  at  the  last  annual  meeting  of  the  Society  of  German  Port- 
land Cement  Manufacturers  on  the  determination  of  coal  consumption  of 
revolving  tubular  kilns.  The  determination  of  coal  consumption  by  weigh- 
ing the  coal  and  clinker  is  unreliable,  because  the  fuel  has  to  be  measured 
before  entering  the  furnace,  while  the  clinker  is  measured  after  leaving 
the  furnace  and  rotary  coolers.  There  is  therefore  a  considerable  period 
between  the  two  measurements,  and  to  obtain  any  reliable  results  the  dura- 
tion of  the  test  must  be  so  long  as  to  make  the  time  difference  between 
the  measurements  comparatively  insignificant.  Each  test  would  then  be 
conducted  for  several  days,  during  which  a  perfect  uniformity  of  opera- 
tion must  be  maintained,  a  thing  manifestly  difficult  and  inconvenient.  A 
better  way  of  estimating  the  consumption  of  coal  has  been  found  in  flue 
gas  analysis. 

The  principle  of  the  method  consists  in  analyzing  the  mixtures  of  gases 
produced  by  the  simultaneous  process  of  combustion  of  a  definite 
amount  of  coal  and  disoxidation  of  a  certain  amount  of  raw  ma- 
terial, and  calculating  from  this  analysis  the  ratio  of  the  two  processes, 
i.  e.  how  much  coal  was  required  for  the  disoxidation  of  a  given  amount 
of  raw  material,  or  burning  of  a  given  amount  of  clinker.  The  following 
formula  is  deduced : 

K,W~KsV 
where  x  is  the  number  of  kg  of  coal  required  to  produce  100  kg  of  ash- 

400m 

containing  clinker,  such  as  leaves  the  kiln ;  A'l  =  — - —    where  m  is  the 
contents  in  per  cent  of  CaCOj  in  the  raw  material,  and  n  loss  due  to 
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l)uniiug;  A',  =  -^  j.c4.  _  —  5  +•'  ,  where  b  is  the  ouiitent  of  t-irbon  iu  the 

3  7        8       8 

coal,  c  that  of  hydrogen,  d  of  nitrogeD,  c  of  oxygen,  and  /  of  sulphur,  all 
in  per  cent;   a-- 0.262,  the  volumetric  ratio  of  oxygen  to  nitrogen  in  air; 

As—  ~  —  — ,  where  a  is  the  content  of  ash  in  coal  in  per  cent ; 

3        25  (100-n) 

and  finally    V  =  ^s  —  </  +  — ,    and    W=^p  +  t,    where   p,q,s,t    represent   the 

contents,  iu  per  cent,  in  the  flue  gases  of  carbon  dioxide,  oxygen,  nitrogen, 
and  carbon  monoxide  respectively. 

The  following  example  is  used  to  show  the  simplicity  of  this  method 
of  determination.  From  the  analysis  of  the  raw  material  and  coal  the 
following  values  ha^  e  been  obtained  for  the  constants :  ^1=5200,  £^2=315, 
A'3=272.    Hence 

5200V 


315W— 272F 
From  the  gas  analysis  it  was  found  in  a  special  case  that  p=27.(!,  </— 0.2, 
t—0.2,  and  s=72.0,  all  in  per  cent.     Hence: 

l'=0.262 .  72.0—0.2+0.1=18.8 

W--27.<3+0.2=-27.8 

Substituting  these  values  in  the  formula  for  j-,  the  following  is  obtained : 

5200  .  18.8 

w  = --2G.8  kg  per  100  kg  clinker 

315.27.8—272.18.8  * 

Since  in  regular  kiln  operation  the  contents  of  carbon  monoxide  in 
the  flue  gases  are  negligible,  t  may  be  taken  as  equal  to  zero.  This  not 
only  considerably  simplifies  the  formulae,  but  allows  the  use  of  the  usual 
self-registering  apparatus  for  the  oxygen  and  carbon  dioxide  contents, 
which,  together  with  the  simple  analysis  of  coal,  afford  an  easy  and  con- 
venient method  of  controlling  the  coal  consumption  of  rotary  kilns.  A 
full  derivation  of  the  above  formulae  is  given  in  the  article. 

Hydraulics 

Blue  Coal  (La  llouille  hleue,  S.  F.  Ija  Luinicre  clectrique,  vol.  19, 
no.  37,  p.  340,  September  14,  1912,  4  pp.  t).  The  French  call  waterpower 
White  Coal,  and  Jules  Severin,  in  his  paper  before  the  Dijon  meeting  of 
the  French  Association  for  the  Advancement  of  Sciences,  called  by  analogy 
the  force  of  the  tides  Blue  Coal.  The  author  proposes  to  construct  a 
reservoir  of  about  1  km  sq.,  and  7  to  14  m  (23  to  46  ft.)  deep,  to  take  in 
water  at  high  tide,  and  deliver  it  to  water  turbines  later;  the  power  is 
to  be  utilized  according  to  the  Taylor  system  used  at  the  Rockland  plant. 

Shutting-Off  Devices  Actuated  by  the  Expansion  of  Liquids 
{Ahsperrorgane  durch  den  Auftrieb  von  Fliisslgkeiten  betdtigt,  J.  Fichtl, 
Oesundheitsingenieur,  vol.  35,  no.  36,  p.  701,  September  7,  1912.  6  pp., 
13  figs.  dg).  General  discussion  of  the  principles  of  action  of  shutting-ofif 
devices,  and  description  of  some  German  types.  The  author  investigates 
the  mutual  relations  between  the  form  of  the  float,  its  size  and  closing 
time  and  establishes,  among  other  things,  that  the  relation  between  the 
time  and  amount  of  liquid  flowing  out  is  represented  not  by  a  straight 
line,  but  by  a  logarithmic  curve. 
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To  THE  Deteemination  of  Pulsations  in  the  Foeebay    {Zur  Ermitt- 

lutiff  (Icr  Schiringungen   im    WasserscJiloss,   Ph.   Forehheimer.     Zeits.    dcs 

Vereines  deutscher  Ingemeure,  vol.  5G,  uo.  32,  August  10,  1912.    li^  pp.  t). 

The  author  shows  how  the  pulsations  in  a  forebay  may  be  determined 

without  the  usual   limiting   assumptions,   such   as   the  proportionality   of 

pressure  loss  to  velocity,  or  the  use  of  small  final  differences  instead  of 

differentials.    He  deduces  the  following  equa  tion  : 

mZ+1 — In  {mZ+l)^mh+l 

for  the  application  of  which  the  following  data  must  be  known :  velocity 

of  water  in  the  state  of  resistance  «o.  cross-section  of  penstock  F,  water 

lit' 
area  F^,  length  of  penstock  I,  loss  of  pressure  head  in  the  penstock  . » 

then  m=2gFx:(fRF ;  h  is  the  loss  of  pressure  head  in  the  penstock  in  the 
state  of  resistance.  A  numerical  example  is  given  calculated  by  the 
author's  formula  and,  for  the  sake  of  comparison,  by  the  method  of  final 
differences. 

Internal  Combustion  Engines 

Electeic  Power  Plants  in  Mine  and  Steel  Works  in  Rhineland- 
Westphalia,  Belgium,  Noetheen  Feance  and  England  {Elektrische  Kraft- 
anlagen  in  Rheinland-Westfalen,  Belgien,  Nord-F'rankreich  and  Englwnd, 
K.  Hoefer.  Zeits.  fiir  des  gesamte  Turbinenwesen,  vol.  9,  nos.  22  to  24, 
August  10,  20,  and  30,  1912.  10  pp.,  20  figs.  The  same  article  in  a  some- 
what abridged  form  in  Zeits.  des  Vereines  deutscher  Ingenieure,  vol.  56,  no. 
32,  p.  1281,  August  10,  1912.  10  pp.,  25  figs.  d).  Description  of  poicer 
transmission  and  prime  movers  in  the  electric  power  plants  in  mine  and 
steel  works  in  the  above  named  countries,  with  the  description  of  some 
constructive  details  (mainly  in  Zeits.  fiir  Turbinenwesen).  The  article 
contains  a  table  showing  the  reserve  j)otver  in  power  plants  in  various 
countries.  On  the  average  about  a  third  of  the  power  of  the  machinery 
is  held  in  reserve  in  case  of  accident,  this  reserve  being  practically  equal 
for  steam  and  gas  engines,  which  shows  that  the  latter  are  considered 
fully  reliable  in  operation.  The  smallest  reserve  is  kept  in  the  case  of 
steam  turbines. 

Tests  of  a  Jahns  Annular  Peoducer  at  the  Mine  Hohenzollebn 
(Versuche  an  deiii  Ringgenerator-System  Jahns  auf  der  Hohcnzollern- 
grube.  Zeits.  fiir  Dampfkessel  und  Maschincnbetrieb,  vol.  35,  no.  37, 
p.  385,  September  13,  1912.  3  pp.,  5  figs.  de).  In  the  Jahns  producer 
four  chambers  are  built  in  a  ring,  with  a  common  vertical  passage  along 
the  axis.  This  passage  is  connected  with  the  chambers  above  by  openings 
provided  with  closing  doors,  and  with  those  below  by  a  circular  duct.  The 
purpose  of  combining  the  four  chambers  into  a  single  ring  is  to  conduct 
the  gases  (products  of  incomplete  combustion),  from  a  freshly  charged 
chamber  into  the  otlier  chamljers  which  have  been  in  operation  longer 
and  so  had  time  to  become  hot.  The  gases  rich  in  coal-tar  are  forced, 
together  with  a  steam  jet,  under  the  glowing  fuel  bed,  and  are  thus  trans- 
formed into  permanent  gases  free  from  tar.     The  article  contains  a  de- 
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tailed  description  of  operation   and  full  data  of  tests,  the  gas  produced 
being  used  for  heating  stoiun  boilers. 

Gas  Engine-Dynamo  Units  (Qasdi/namos.  Zeits.  fiir  Dampfkcssel  und 
Mascliinenhetricb,  vol  35,  no.  3S,  p.  395,  September  20,  1912.  3  pp.,  6  figs. 
dp).  Description  of  some  German  gas  engine-dynamo  direct-coupled  units, 
with  some  suggestions  as  to  the  design  of  the  gas  engines  in  such  units. 

The  Valveless  Motor  and  Gear  of  the  Fischer  Car,  Zurich  (fler 
ventillose  Motor  und  das  Oetriehe  des  Fischer-Wagens,  Zurich.  Auto- 
Technik,  vol.  1,  no.  17,  appended  to  Allgenicine  Automohil-Technik,  vol.  3, 
no.  37,  September  13,  1912.  3  pp.,  S  figs.  d).  The  Fischer  slide-valve  motor 
belongs  to  the  same  class  as  the  Mustad  motor  described  in  The  Journal, 
March  1912,  p.  414,  in  that  it  has  separate  valves  for  the  admission  and 
exhaust,  each  valve  having  the  width  of  about  a  quarter  of  the  cylinder 
circumference,  and  both  being  exactly  similar  and  therefore  interchange- 
able. Only  half  of  the  piston  surface  is  covered  by  the  valves,  the  other 
half,  or  rather  the  other  two  opposite  quarters,  lying  against  the  water- 
cooled  cylinder  walls.  The  piston  is  provided  with  three  piston  rings  which 
by  their  spring  action  help  to  obtain  a  tight  fit  between  the  valves  and 
the  outer  wall ;  a  fourth,  stationary  ring  in  the  cylinder  casing  pi-ovides 
packing  for  the  part  where  the  piston  does  not  reach.  The  article  de- 
scribes also  the  method  of  machining  the  valves,  and  the  change  speed  gear 
of  the  car,  which,  according  to  the  author,  is  suitable  only  for  small  and 
cheap  cars. 

Gas  Producers  for  the  Gasification  of  Liquid  Fuel  (Gaserseuger 
fiir  Vergasung  fliissiger  Brennstoffe,  Gwosdz,  Braunkohle,  vol.  11,  no.  23, 
p.  357,  September  6,  1912.  10  pp.,  11  figs.  d).  In  the  Rlncker  and  Wolter 
process  used  in  Watergrasmeer,  near  Amsterdam,  Holland,  for  producing 
gas  from  tar,  the  liquid  fuel  is  gasified  by  passing  it  through  a  layer  of 
glowing  coke,  without  the  admission  of  steam.  The  producer  consists 
of  two  shafts  connected  in  parallel.  The  coke  is  heated  to  glowing  first 
in  one  shaft,  into  which  tar  Is  then  introduced  to  Ue  gasified.  It  is  kept 
there  until  the  temperature  reaches  a  certain  limit  when  the  gases  are 
led  out  to  be  used.  The  connections  are  changed  In  such  a  way  that  the 
air  blast,  in  passing  through  the  first  shaft,  drives  the  gases,  only  partly 
decomposed  owing  to  the  low  temperature.  Into  the  second  shaft  where 
they  pass  through  the  glowing  fuel  from  top  downwards  and  are  converted 
into  stable  gases. 

This  process  has,  however,  the  following  disadvantages:  (a)  the  air 
blast  is  passed  through  one  of  the  shafts  twice,  and  in  the  meanwhile  the 
shaft  has  time  to  cool  down  thus  retarding  the  decomposition  of  the  oil 
vapors;  (b)  during  the  blowing  of  the  producer  the  gases  escape  and 
the  oil  vapor  contaminates  the  atmosphere. 

In  the  improved  type  of  the  Berlin-Anhalt  Machine  Construction  Com- 
pany both  shafts  are  connected  in  series,  and  get  the  hot  blast  alternately, 
the  one  which  the  hot  air  current  strikes  first  being  connected  with  the 
apparatus  using  the  gas.  The  blowing  of  the  ])roducer  shafts  in  series 
permits  of  keeping  both  generators  hot,  while  alternating  the  direction 
of  blowing  has   the  advantage  of   the  shaft   which   Is   blown   first   being 
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hot  from  the  previous  blowing.  Both  generators  are  therefore  better 
heated  and  the  decomposition  of  oil  vapors  proceeds  more  effectively. 
The  article  describes  also  the  Plntsch,  Blaugas,  and  several  American 
types  of  producers  for  liquid  fuel  (R.  C.  Jones,  Frost,  Ammet,  Hydrocarbon 
Convei'ter  Company). 

KopENHAGEN  FisHiNG  EXHIBITION  OF  1912  {Kopenhagcnev  Fischerel- 
Ausstellung  1912,  Gbu.  Die  Gasmotorcntechnik,  vol.  12,  no.  6,  p.  100, 
September  1912.  2  pp.,  4  figs.  d).  Short  descriptions  of  some  Scandina- 
vian motors.  The  motor  of  the  Bergsunds  Mek.  Werkstads  Aktiebolag  in 
Stockholm  has  the  gasifler  as  shown  in  Fig.  1,  with  a  number  of  consecu- 
tively arranged  narrow  metal  strips  H  connected  witli  each  other  and 
with  the  lower  side  of  the  cover  /.  The  fuel  is  thrown  against  these 
strips  from  the  nozzle  G  as  shown  by  the  dotted  lines,  so  that  each  strip 
receives  and  distributes  in  various  directions  an  equal  amount  of  fuel 
jier  unit  of  its  area,  this  fuel  being  at  the  same  time  evaporated  owing 


Fig.  1     Gasifieb  of  the  Bergsunbs  Motor 


to  the  high  temperature  of  the  metal  strips.  This  happens  just  before  the 
piston  reaches  its  highest  position,  the  heat  of  compression  together  with 
that  of  the  metal  strips  igniting  the  fuel  mixture  immediately  after  its 
admission.  This  effective  system  of  gasification  permits  of  admitting  the 
fuel  into  the  combustion  chamber  so  late,  i.  e.  so  near  the  uppermost 
position  of  the  piston,  that  all  possibility  of  pre-ignition  is  eliminated, 
while  the  strips  H  are  practically  at  constant  temperature,  independent 
of  the  load,  owing  to  the  cooling  produced  by  the  fuel  being  injected 
against  them.  The  article  also  describes  Tuxham  and  Junkers  motors. 
(For  other  motors  at  this  Exhibition,  see  The  Gas  Engine,  vol.  14,  no.  10, 
1912,  p.  541). 

Gas  Velocity  and  Energy  of  Flow  (Gasgeschivindigkeit  und  Stromungs- 
energie,  v.  Low,  Zeits.  des  Mitteleuropdischen  Motorwagen-Vereins,  vol. 
11,  no.  17,  p.  373,  Mid-September  1912.  2  pp.,  3  figs.  cp).  There  are  as 
yet  no  generally  accepted  rules  for  the  proportions  of  automobile  valves 
and  gas  velocities.  Adler  makes  the  suction  and  exhaust  valve  cross- 
sections  equal,  and  uses  102  m  (332  ft.)  per  sec.  as  the  velocity  of  flow 
when  the  maximum  velocity  of  the  car  is  125  km    (77  miles)   per  hour. 
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Beuz  has  the  cross-section  of  the  suction  v.ilve  nearly  twice  as  large  as 
that  of  the  exhaust  valve,  and  the  velocity  of  flow  45  m  (147  ft.)  per  sec. 
for  the  uiaxinium  velocity  of  the  car  134  km  (82  miles)  per  hour.  Horch 
uses  a  ratio  of  suction  valve  and  e.xhaust  valve  cross-sections  as  4  to  3, 
and  for  the  Inlet  velocity  of  the  charge  r>7  m  (187  ft.)  per  sec.  at  the 
car  speed  of  87  km  (54  miles).  Although  the  most  advantageous  ratio 
of  valve  cross-sections  can  he  found  only  hy  suitable  tests,  the  author 
tries  to  establish  certain  facts  in  this  connection  by  means  of  the  diagram 
in  Fig.  2  A.,  where  aa  is  the  atmospheric  line,  vv  absolute  zero  or  vacuum 
line,  and  the  pressure  process  during  the  greatest  part  of  the  exhaust 
stroke  is  represented  by  the  line  1-2.  At  the  point  2  the  piston  is  supposed 
to  have  reached  the  end  of  the  exhaust  stroke  and  to  be  in  the  neutral 
position,  the  pressure  being  not  atmospheric,  but  above  it,  2-3,  owing  to 
throttling  in  the  exhaust  outlet.    When  the  piston  starts  on  a  new  stroke, 


n^^ 


Fia.  2(A)  Pressure  Diagram  for  the  Exhaust  and  Suction  Stroke  of  an  Automobilb  Engine 
(B)  and  (C)     Suction    Piping  Connections  in  a  Mui.ti-cylinder  Automobile  Engine 


there  is  an  expansion,  but  the  atmospheric  pressure  is  reached  only  at 
4 ;  it  is  therefore  only  from  there  on  that  the  real  suction  of  the  piston 
begins,  3-4  representing  the  volumetric  cylinder  loss  at  the  beginning  of 
the  suction  stroke.  This  cannot  be  helped  by  opening  the  suction  valve 
when  the  piston  is  in  Its  neutral  position  because  then  the  expansion  in 
the  suction  piping  forces  back  the  fresh  mixture  which  in  that  case  does 
not  begin  to  reach  the  cylinder  until  the  piston  Is  at  4.  The  throttling 
pressure  2-3  must  therefore  produce  always  the  volumetric  cylinder 
loss  3-4. 

Should  the  throttling  at  the  end  of  the  suction  stroke  be  equal  to  that 
at  the  end  of  the  exhaust  stroke,  or  5-6  be  equal  to  2-3,  then,  since  the 
compression  curve  rises  much  slower  than  the  expansion  curve  falls  from 
2  on,  the  volumetric  loss  6-7  would  be  about  six  times  as  large  as  that 
at  the  beginning  of  the  suction  stroke,  or  3-4,  which  shows  that  with 
equal  throttling  areas  at  the  suction  and  exhaust  valves  the  volumetric 
cylinder  loss  produced  by  the  throttling  at  the  suction  valve  is  consider- 
ably greater  than  that  produced  by  the  throttling  at  the  exhaust  valve. 
The  suction  valve  ought  therefore  to  be  larger  than  the  exhaust  valve. 


1884  FOREIGN    REVIEW 

It  is,  however,  worth  noticing  that  the  Daimler  Motor  Company  who  were 
among  the  learling  l)ui](lers  of  engines  with  tnuninal  valves,  have  now  equal 
valves  in   their  aeronautic  motors. 

It  is  usually  accepted  that  the  volumetric  cylinder  loss  due  to  throttling 
at  the  valves  may  Ix^  reduced  l)y  late  closing  of  the  valves.  Leading 
constructors  are.  howevei-,  iiy  no  means  agreed  as  to  just  how  late  the 
closing  should  be.  and  ])ructice  varies  between  0  and  49  deg.  for  the 
suction  valve  and  0  and  22  deg.  for  the  exhaust  valve.  In  multi-cylinder 
engines,  owing  to  the  energy  of  tlow  due  to  high  gas  velocities,  it  may 
be  even  advisable  to  select  differem  closing  times  for  the  valves  of  dif- 
ferent cylinders.  Cylinder  1  in  Fig.  2H  must  set  in  motion  the  gas  in 
the  left  part  of  the  suction  piiiing.  while  cylinder  2  finds  it  already  in 
motion,  and  therefore  receives  more  gas  with  the  same  v.-iive  geai'.  The 
same  happens  with  the  cylinders  :>  and  -1  for  the  right  side  of  the  suc- 
tion piping.  A  more  uniform  system  of  feed  is  reitresented  when  the  suc- 
tion piping  is  ari-anged  as  slxiwn  iii  Fig  2C  :  when  there  is  suction  in 
cylinder  I,  it  receives  the  lai-ger  part  of  its  gas  through  the  left  side  of 
the  piping  from  the  carbureter  r;  but  there  is  an  additional  stream  of  gas 
coming  past  4,  after  the  closing  of  its  valve  after  the  completion  of  its 
previous  suction  stroke.  When  the  suction  stroke  in  1  is  ended,  the  stream 
of  gas  continues  to  tlow  tirst  to  2,  and  then  to  3  the  last  of  which  also 
receives  some  mixture  direct  from  tlu^  carbureter,  through  the  right  side 
of  the  piping,  this  stream  continuing  to  4  after  the  end  of  the  suction 
stroke  in  3.  The  flow  is  therefore  continuous  and  uniform,  and  there 
are  no  particular  losses  of  the  energy  of  flow.  The  author  insists,  how- 
ever, on  the  necessity  of  a  systematic  series  of  experiments  for  the 
full  elucidation  of  all  these  points. 

On  the  Influence  of  Sulphur  in  Liquid  Fuels  used  in  Motors  {Uber 
den  Einfluss  des  Schwefels  in  fliissigen  Brennstoffen  beim  Motorenhetrieh, 
J].  Grafe.  Der  Olmoior,  no.  2,  1912,  through  Braunkohle,  vol.  11,  no.  24, 
p.  383,  September  13,  1912.  ;>).  In  Diesel  and  other  internal-combustion 
engines  oils,  mostl.v  by-products  of  the  coal-tar  industry,  are  used  containing 
up  to  2  per  cent  of  ■'^iilphiir,  and  the  question  arises  in  how  far  this  may 
hariii  the  engine.  The  products  of  oxidation  of  sulphur,  viz.  sulphur  di- 
oxide and  sulphur  trioxide,  do  not  attack  iron  unless  they  are  dissolved 
ill  water,  and  form  sulphurous  or  sulphuric  acid.  In  the  motor  cylinder 
or  in  a  boiler  furnace  where  water  is  present  only  in  the  form  of  steam. 
there  can  be  no  corrosion  due  to  the  presence  of  sulphur,  but  wherever 
there  is  condensation  of  water,  as  in  the  exhaust  ])i]iing,  the  iron  is  strongly 
attacked.  This  may  be  prevented,  however,  either  by  making  the  exhaust 
I)iping  short,  or  by  covering  it  with  lead.  On  the  whole,  for  the  motor  itself, 
the  presence  of  sulphur  is  therefore  practically  harmless.  Cp.  Fuel  Oil 
Journal,  October  1912.  p.  15. 

New  Working  Processes  for  Internal-Combustion  Engines  in  Sub- 
marines (A'c»c  Arheitscerfahren  fiir  Verhrennungslruftmaschinen  in  Un- 
terseehooten,  Dr.  G.  Petroleum,  vol.  7,  no.  22,  p.  1249,  August  21,  1912. 
2  pp.,  3  figs.  d).  Desi-ription  of  some  new  suhinarine  engines  and  discus- 
sion of  their  worlmig  processes.     Submarine  engines  during  tlie  run  under 
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water  are  sometimes  fed  by  pure  oxygeu,  the  exhaust  gases  being  used 
over  again  either  in  their  original  state,  or  without  their  carbon  dioxide,  i  e. 
with  practically  only  their  nitrogen.    Contrary  to  this  practice,  Dr.  Jaubert 


of  Paris  recommends  the  elimination  of  all  nitrogen  from  the  exhaust  gases 
and  the  use  of  only  carbon  dioxide,  on  the  assumption  that  concentrated 
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ciu-bui)  dioxide  in  the  alisence  of  water  vjiiku-  will  lake  part  in  combustion 
ill  accovdaiice  willi  tlie  following  formula: 

CVH,„+4CCVneat=5y2C2+yH30+Heat [1] 

with  the  final  products  (coal  and  water)  such  that  they  can  be  convenient- 
ly thrown  overboard.  The  engine  Is  represented  schematically  in  Fig.  3A. 
The  pistons  of  the  two  cylinders  which  lie  one  above  the  other  have  a  com- 
mon connecting  rod.  Cylinder  a  acts  as  a  compression  pump  and  delivers 
the  gas  to  h ;  the  working  cylinder  6  is  provided  with  the  valve  c  for  the 
admission  of  petroleum  coming  through  the  pipe  d,  and  injected  under  gas 
pressure  (air  or  carbon  dioxide),  the  compressed  gas  being  bx'ought  to 
it  by  the  pipe  e  provided  with  a  three-way  cock  /.  The  pump  ;;  driven  by 
the  engine  may  be  set  in  connection,  by  means  of  the  three-way  cock  k, 
either  with  the  atmosphere  or  the  oxygen  tank.  The  exhaust  pipe  m  of  the 
cylinder  h  communicates  by  the  pipe  u  with  collector  tank  o  which  in  its 
turn  may  be  connected  by  means  of  the  three-way  cock  j),  either  with  the 
atmosphere  or  with  the  compressor  and  separator  r/,  the  latter  opening 
through  the  pipe  r  and  pressure  regulator  s  into  the  cleaner  t.  This  cleaner 
is  filled  with  peat  or  a  similar  mass,  and  l»y  the  three-way  cock  z  may  be 
set  in  communication  either  with  the  suction  opening  of  the  cylinder  a, 
through  pipe  u,  or  with  the  atmosphere.  The  cocks  z,p,k,f  can  be  simul- 
taneously regulated  by  the  rod  i.  During  the  run  above  the  surface  the 
cocks  k,i),  and  s  are  connected  with  the  atmosphere,  and  the  petroleum  in- 
jection cock  /  with  the  compressed  air  tank.  The  piston  a  takes  in  air 
and  delivers  it  to  //  whence  it  is  taken  for  scavenging  the  cylinder  b, 
while  the  pump  j  supplies  atmospheric  air  for  tlie  explosive  mixture 
to  the  same  cylinder.  During  the  underwater  run  the  petroleum  is  in- 
jected by  compressed  carbon  dioxide  coming  through  the  pipe  e,  the  same 
gas  being  used  also  for  scavenging.  The  exhaust  gases  are  taken  to 
the  compressor  and  separator  </  in  which  the  water  vapor  is  condensed,  and 
coal  particles  and  unconsumed  oil  retained,  while  the  clean  carbon  dioxide 
is  sent  on  to  the  pipe  u  and  cylinder  «,  and  is  later  used  for  scavenging, 
as  well  as  for  the  injection  of  fuel.  Oxygen  is  introduced  into  cylinder 
b  by  the  pipe  /.  Since  no  external  air  is  introduced,  the  residual  nitrogen 
is  gradually  expelled,  and  the  exhaust  gases  contain  practically  only 
carbon  dioxide  and  some  oxygen.     Simple  combustion  follows  the  equation 

C\H,,,+11  0,=7  C0,+8  H,0 [2] 

and  this,  together  with  formula  [1]  gives  the  equation  for  the  total 
reaction 

2  C,Hi,+ll  OM  C0o=7  003+51/2  C,+16  H,0 [3] 

In  this  process  the  residues  of  combustion  contain  a  large  amount  of 
carbon  dioxide  thus  consideralily  reducing  the  amount  of  this  gas  which 
would  otherwise  have  to  be  stored  on  board  the  vessel,  and  only  half  the 
oxygen  required  according  to  equation  [2]  is  used  when  the  process  thus 
takes  place  in  accordance  with  equation  [3].  A  further  advantage  consists 
in  the  exhaust  being  only  carbon  dioxide  soluble  in  water,  and  therefore 
attracting  no  attention  of  the  enemy,  as  do  air  bubbles. 

Another  arrangement  of  submarine  engines  is  shown  in  Fig.  3B,  in 
wliicli  iiilrof/rn   tetro.ridc  is  used  as  the  oxygen  carrier.     Since,  however, 
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both  petroleiiui  and  nitrogen  tetroxide  are  liquids,  one  of  them  nnist  lie 
evaporated  before  reaching  the  tylinder  in  order  to  produce  a  good  atoui- 
izatiou  of  the  mixture.     Nitrogen  tetroxide,  and  not  iietroleuni,  is  evapor- 
ated because   it   possesses   a    lower   boiling   j)oint,    so    that    cooling    water 
which  leaves  the  cylinder  Jacket  at  about  HO  deg.  cent.    (122  deg.   fahr.) 
can  be  usetl  for  this  puri)ose  (exhaust  gases  are  not  used  since  the  neces- 
sary apparatus  would  tal^e  more  room  than  can  be  given  to  it  on  hoard 
a  submarine).      /'  is   the  petroleum   tank,   &   contains  nitrogen    tetroxide. 
The  combustion  chaniber   \    is  provided  with  the  burner  B  which  receives 
a  small  amount  of  petroleum  through  the  pipe  p^,  and  vaporized  nitrogen 
tetroxide  throughout  tlie  pipe  t.^,  there  occurring  a  i)artial  comltustion  and 
decomposition   of  the  nitrogen  tetroxide  which   results  in  the  i)rodnction 
of  a  gaseous   mixture  rich   in   oxygen,   while  water   is   injected  into   the 
combustion  chamber  through   the  pipes   W^  and   W.,,   to  reduce  the  tem- 
perature of  the  oxygen-carrying  mixture.     The  comparatively   cool   mix- 
ture is  then  introduced  into  the  cylinder  of  the  motor  M  where  it  mixes 
with  the  petroleum  brouglit  by  tlie  pipe  p..     Pipes  W^  and  W^  bring  the 
cooling  water  which  after  passing  through   the  cylinder  jacket  contiiuies 
1o  tlow  through  the  pipe  W^  to  the  vaporizer  J)  where  the  nitrogen  leli-ox- 
ide  is  evai)oraled. 

In  another  lype  the  same  inventor  evaporates  the  fuel  (benzine,  benzole. 
I'tc.)  by  the  heat  of  exhaust  gases  and  uses  as  a  source  of  oxj'gen  Ulnmi- 
liQniethan  contained  at  atmospheric  pressure  in  the  tank  T,  Fig.  3C  and 
brought  by  the  pun)p  P  to  the  burner  B.  Gaseous  ethane  which  has  a  pres- 
sure of  46  atmospheres  even  at  the  temperature  of  4  deg.  cent.  (39.2  deg. 
fahr.),  is  contained  in  the  tank  Ac,  and  is  brouglit  to  the  burner  l)y  tlie 
three-way  cock  H  and  pipe  L^.  The  gases  of  combustion  in  the  chamber  F 
;ire  so  much  cooled  by  the  injection  of  water  by  pump  W  that  they  may  he 
used  to  drive  the  tnrhine  M  from  which  tlie  exhaust  passes  througli  the 
\aporizer  D  through  which  also  passes  the  pipe  Lo  from  the  ethane  tank ; 
after  the  engine  started,  the  cock  IT  is  set  so  as  to  connect  Ac  and  B  by 
the  pipe  L.. 

Machine  Shop 

Spring  H.\iiMEu  {Martcau  a  rc-ssoi'ts,  PortcfGUillc  cconomiquc  des  ma- 
chines, ser.  5,  vol.  10,  no.  6S1,  p.  131,  September  1912.  2  pp..  5  tigs.  d). 
Description  of  the  Ajax  spring  hammer.  Cp.  The  Journal,  January 
1912,  p.  123. 

New  Dust  Suction  Device  for  Polishing  Machines  •{Neve  fitauh- 
HUUflevorrichtung  fm-  Schleifmaschmen.  Giesserci-Zcituiuj,  vol.  9,  17,  ]). 
'AS,  September  1,  1912.  1  p..  2  figs.  d).  The  designer's  problem  was  to 
construct  a  dust  suction  apparatus  which  might  lie  used  in  connection 
with  polishing  machines  in  which  the  polishing  wheel  does  not  remain 
in  one  position,  but  travels  around  the  piece  of  work.  Such  a  device, 
patented  in  Germany  by  the  firm  Frederich  Schmaltz,  in  Offenbach-A-M., 
is  schematically  shown  in  Fig.  4.  The  suction  device  travels  with  the  wheel 
around  the  work.  The  dust-catcher  6  is  then  in  constant  position  as  regards 
the  polishing  wheel  n,  while  the  suction  jiiping  e,  attached  to  the  dust  catcher 
passes  through  the  filter  d  and  through  the  center  of  the  rotary  motion  of 
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the  tool  holder  e,  and  finally  to  the  bore  in  the  hollow  shaft  /.  The  suitably 
shaped  pipe  c  is  fixed  on  the  adjustable  bracket  g  and  therefore  follows  the 
motions  of  the  tool  holder.  The  other  end  of  the  hollow  shaft  of  the 
polishing  machine  is  air  tight  and  rotatively  connected  with  the  suction 
piping  h.  Cp.  description  of  a  similar  British  device  in  Dust  Collecting 
Device  for  Grinding  Machines,  The  Engineer  (London),  September  13. 
1912.  p.  287. 

Mechanics  and  Machine  Design 

Bending  of  Curved  Tubes  (Die  Bicgung  Icrummer  Rohrc,  H.  Lorenz. 
Dinglcrs  polgtechnisches  Joitnial,  vol.  327,  no.  37,  p.  577,  September  14. 
1912.  4y2  pp.,  5  figs.  mt).  The  author  derives  a  new  simple  formula  for 
the  variation  of  the  curvature  of  a  pipe  through  an  external  moment,  from 
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the  conditions  of  equilibrium  of  an  element  of  the  wall  of  a  curved  tube 
under  the  assumption  of  conservation  of  double  symmetry  of  the  tube  cross- 
section.  He  investigates  also  the  direction  of  the  moment  producing 
increase  or  decrease  of  the  radius  of  curvature  of  the  tube,  and  derives 
a  simple  formula  for  the  total  contraction  of  the  circular  cross-section  of 
the  tube  in  the  radial  or  axial  direction.  The  problem  is  treated  by 
purely  mathematical  methods. 

On  Lubeication  of  Machine  Parts  ( Uher  flic  Schmierung  von  Maschin- 
enteilen,  L.  Singer,  Petroleum,  vol.  7,  no.  23,  p.  1307,  September  4,  1912. 
12  pp.,  64  figs.  d).  Discussion  of  the  theory  of  lubrication  mainly  on  the 
basis  of  Ubbelohde  articles  (see  The  Journal,  June  and  August  1912, 
pp.  963  and  1245),  and  of  the  design  of  machine  parts  su1)ject  to  friction, 
e.g.  journals,  bearings,  etc.,  so  as  to  obtain  the  best  lubricating  efficiency, 
as  well  as  the  apparatus  for  combined  oil-and-graphite  lubrication. 
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EXPEBIMENTS     ON     TIUO     DkTKRMIN A  riON     OF     TIIK     ToUSlON     OK     BaKS     WITH 

Rectangular  Ckoss-Skc tion,  and  Ki.oNtiAiioN  anu  CoNrKACTioN  of  Area 
OF  Bars  under  Tension  {Vcnmche  iibcr  die  Vcrdrehunti  von  Stliben  mlt 
rccliicckii/cin  Qiicrschnitt  and  c«r  Enniitlunti  dcr  liilnnti-  und  Querdehnung 
auf  Xiig  beans ])ritchtcr  Htdbe,  O.  Bretschneider,  Mitteilungen  iibcr  For- 
schungsarbcitcn,  no.  21,  p.  1.  1912.  37  pp.,  17  figs.  e).  Full  reports  of 
the  experiments  reported  in  The  Journal,  May  1912,  p.  805,  from  a  pre- 
liminary publication. 

Staging  Katio  in  Speed-Changing  Gears  (Abstufungsverhdltnisse  von 
Wechselgetriebcn,  Fr.  v.  Low.  Zeits.  des  MiUeleuropdinclien  Motorwagen- 
Vercins,  vol.  11,  no.  l(i,  p.  349.  End  August  1912.  4  pp.,  4  figs.  ct).  Discus- 
sion of  tlie  prol)lem  of  staging  ratios,  that  is,  whether  the  first  transmis- 
sion should  be  equal  exactly  to  a  quarter  of  the  transmission  when  directly 
coupled,  or  more  or  less,  and  how  the  intervals  between  single  stages 
should  be  proportioned,  these  being,  according  to  the  author,  questions 
on  which  constructors  are  not  yet  agreed.  In  the  modern  cars  (only  Ger- 
man types  are  considered)  with  tliree-stage  speed  changixig  gears  the 
author  found  only  one  car  with  the  ratio  between  the  highest  and  lowest 
transmission  greater  than  4,  while  in  nearly  all  cars  with  four-stage 
speed  changing  gears  this  ratio  was  more  than  4.  The  lowest  transmission 
was  for  hill  climbing,  the  highest  for  level  road  work.  Different  demands 
should  be  made  in  these  respects  regarding  three  and  four-stage  cars, 
particularly  as  the  high-power  car  is  better  able  to  take  care  of  variable 
road  conditions.  According  to  the  author  there  is  no  reason  why  three- 
stage  speed  changing  gears  should  be  used  any  more  since  the  disappear- 
ance of  the  belt  transmission  has  left  their  construction  without  any  real 
justification.  The  second  part  of  the  article  gives  data  from  the  author's 
experience  witli  the  speed-changing  gears  of  German  cars  under  road 
conditions,  and  discussion  regarding  them. 

Resonance  Phenomena  in  Suction  Piping  of  Compressors  and  Gas 
Engines  (Pl)4nom^nes  de  resonance  dans  les  conduitcs  d' aspiration  des 
compresseurs  et  des  moteurs  a  gaz,  P.  Voissel.  Revue  de  mficanique,  vol. 
31,  no.  2,  p.  155,  August  31,  1912.  7  pp.,  11  figs.  et).  French  translation 
of  the  article  in  the  Zeits.  des  Vereines  deiitscher  Ingenieure  fully  reported 
in  The  Journal,  August  1912,  p.  1248. 

A  New  Axial  Compression  Formula  (En  ny  KnaeJcningsformel, 
Torbj^m  Strand.  TeTcnisk  Ukeblad,  vol.  59.  no.  36,  p.  460,  September  6, 
19] 2.  2  pp..  3  figs.  t).  Starting  from  the  Schwartz-Rankine  and  Euler 
fornuilae  for  axial  stresses  in  columns,  the  author  by  a  rather  complicated 
mathematical  procoss  derives  the  following  formula  for  axidl  stress : 

K 

Pk  = 

1+4  ~. 


■(ox;)Mt)' 


where  K  is  the  compression  sti-ength  of  the  material,  —  slenderness  ratio, 

i 
o.,0,y^   are   defined   by   equations   of  their   own,   but   are  for   each   given 
material,    functions   of   compression   strength   and   modulus   of   elasticity. 
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The  article  also  coiilaius  a  table  showiiii,'  the  rolnlinn  lietwccn  Ihc  slciulcr 
uess  ratio  and  axial  stress. 

Shock  Absorbers  and  IOla.stic  Suai  klks  {Lch  ADiortisavKrs  ct  jiimcllvs 
dlastiques.  La  pratique  automobile,  vol.  S,  uu.  173,  p.  3683,  September  10, 
1912.  2  pp.,  12  figs.  ^7).  Doserii)ti(Vii  of  I  he  main  French  types  of  shock 
absorbers  and  elastic  shackles. 

Reduction  Gear  for  Coaxial  SiiaI'TS  (Rednziergetriehe  fur  gleivhacli- 
slfje  Wellen,  R.  Kommer.,  Motorica</en,  vol.  1.5,  no.  26,  p.  618,  September 
20,  1912,  3  pp.,  5  figs.  (I ) .  Description  of  the  Paul  H.  Peters  epicyclic 
gear  consisting  of  two  planet  wlieels  each  of  which  is  free  to  make 
eccentric  motions  without  changing  tliereby  the  mutual  position  of  the 
teeth  of  tlie  two  wheels,  erne  of  tliese  wheels  engaging  a  fixed  toothwheel 
coaxial   witli    the  driving   shaft,   and   the   other   a   wheel   sitting   on   the 
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driven  sliaft.  With  such  an  arrangement  the  gear  ratio  is  determined  by 
two  members  of  which  each  may  be  either  negative  or  positive,  according 
to  the  ratio  of  the  teeth  numbers  in  the  separate  pairs  of  wheels,  so 
that  the  sum  of  the  two  may  be  equal  to  zero  without  the  number  of 
teeth  of  the  engaging  wlieels  being  equal  to  each  other.  Ratios  of  trans- 
mission from  2:1  to  20000:1  and  more  may  be  obtained,  either  in  the  same 
direction  as  the  driving  shaft  or  opposite  to  it,  without  varying  the  direc- 
tion of  the  driving  force.  The  driving  and  the  driven  axes  are  coaxial. 
At  least  a  third  of  all  the  teeth  are  always  in  engagement,  this  permitting 
the  use  of  small  teeth  and  a  small  wheel  even  for  the  transmission  of 
large  forces.  It  is  claimed  that  even  with  the  highest  ratios  of  trans- 
mission the  friction  loss  is  below  6  per  cent.  Fig.  5  represents  a  type 
in  which  the  driven  shaft  40  may  be  driven  in  any  direction  or  stopped 
altogether.  On  the  middle  part  34  of  the  driving  shaft  35  sits  loosely  the 
wheel  body  36  provided  with  three  different  rims  37,  38  and  43*  with  in- 
ternal or  external  toothing.  In  engagement  with  the  wheel  rim  38  is  the 
toothed  wheel  39  sitting  on  the  shaft  40,  the  latter  concentrically  embrac- 
ing the  end  journal   of  shaft  34.     The  second  rim  37  is  in  engagement 


*  The  original  has  41,  but  that  is  evidently  a  mistake. — Editor. 
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with  the  toothed  wheel  41  of  wliicli  the  louj;  liuh  sleeve  sits  loosely  ou 
the  shaft  34  provided  with  ii  brake  pulley  42.  To  the  third  riui  wheel 
43  of  the  wheel  body  3(1  corresponds  the  internal  toothing  of  the  casing 
member  44  which  with  its  sleeve  sits  loosely  on  the  sleeve  of  the  toothed 
wheel  41  while  another  casing  member  45,  bolted  together  with  44,  loosely 
encloses  by  its  sleeve  the  shaft  40.  The  sleeve  of  the  casing  member 
is  also  provided  with  a  friction  pulley  placed  near  that  of  42.  Suppose 
now  that  the  brake  pulley'  42  is  held  fixed,  and  shaft  34  rotated  in  the 
direction  of  the  arrow.  Then  the  internal  toothed  rim  37  of  the  wheel 
body  3t)  sitting  loosely  on  the  eccentric  .iourual  35,  rolls  along  the  wheel 
41  held  by  the  brake;  the  motion  of  the  wheel  36  retarded  thereby 
is  transmitted  through  its  toothed  rim  38  to  the  toothed  rim  of  the  wheel 
39,  the  sleeve  of  which  is  wedged  fast  to  the  shaft  40.  The  wheels  43 
and  44  rotate  in  the  same  sense  as  the  driving  shaft.  If  on  the  other 
hand  it  is  the  pulley  46  that  is  braked,  the  rotation  of  the  shaft  34  in  the 
sense  of  the  arrow  produces  an  engagement  of  43  with  the  now  station- 
ary internal  toothing  of  the  casing  member  44,  in  a  sense  contrary  to  the 
direction  of  the  arrow,  the  rotation  of  the  wheel  body  36  being  as  before 
transmitted  to  the  shaft  40  through  the  toothed  wheels  38  and  39,  but  in 
a  direction  opposite  to  that  of  34.  When  both  pulleys,  42  and  46,  are  loose, 
the  whole  gear  rotates  on  39,  and  with  the  slightest  load  on  it  the  shaft 
40  remains  stationary.  All  the  toothed  wheels  are  in  engagement  all  the 
time,  but  those  which  are  not  required  to  do  any  work  are  allowed  to 
run  loose. 

The  rest  of  the  article  contains  rules  for  calculating  the  number  of 
teeth  in  the  various  wheels,  and  a  description  of  another  type  of  gear 
based  on  the  same  principle,  but  said  to  he  specially  adapted  for  use  in 
turbines,  automobiles,  and  motor  boats. 

Pumps 

CoNTBiBUTiONS  TO  THE  THEORY  OF  Plungeb  Pumps  (Beitrdge  zur  Theorie 
der  Kolbenpumpen,  Karl  Mayer,  Die  Fordertechnik,  vol.  5,  no.  9,  p.  202, 
September  1912.  4  pp.,  3  figs.  mt).  Continuation  of  the  article  abstracted 
in  The  Journal,  October  1912,  p.  1574,  containing  an  investigation  of  the 
case  when  the  anr/le  of  coupling  of  a  plunger  pump  is  less  than  90  deg. 
Since  the  method  of  the  author  has  been  made  clear  in  the  preceding 
abstract,  only  his  conclusions  are  reported  here.  By  means  of  the  com- 
bined process  the  coefficients  of  cyclic  variation  may  be  made  equal  to  each 
other  in  six  out  of  the  eight  intervals  occurring  In  each  revolution,  and 
the  maximum  velocities  in  three  out  of  four  phases  per  revolution.  The 
improvement,  in  per  cent,  in  the  coefficient  of  cyclic  variation  due  to  the 
use  of  the  combined  process  (18.16)  is  greater  than  when  the  method  of 
the  most  suitable  angle  of  coupling  (15.67)  or  that  of  the  most  advan- 
tageous ratio  of  cross-sections  (10.52)  are  applied  singly.  In  addition 
to  that  the  combined  process  permits  of  freely  choosing  the  ratio  of  cross- 
sections. 

Each  way  of  selecting  the  angle  of  coupling,  i.e.  greater  or  less  than 
90  deg.,  has  its  advantages.     With  the  angle  of  coupling  greater  than  90 
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(leg.  the  maxima  may  be  obtained  in  all  fonr  phases,  and  acceleration 
pressure  may  be  made  equal  in  six  out  of  the  eight  intervals  per  revolu- 
tion, but  the  same  value  may  be  obtained  for  only  four  out  of  the  eight 
intervals  of  coefficients  of  cyclic  variations  occurring  per  revolution.  Six 
out  of  those  eight  intervals  may  be  made  equal,  hovpever,  with  the  angle  of 
coupling  less  than  90  deg.,  while  equal  maxima  of  velocity  may  be  obtained 
only  in  three  phases,  and  only  four  equal  maxima  of  acceleration  resis- 
tance. The  angle  of  coupling  has  therefore  to  be  chosen  separately  for 
each  particular  case  in  accordance  with  the  purpose  of  the  pumping  in- 
stallation.    The  article  is  to  be  continued. 

External  Friction  of  Gases  and  a  New  Principle  for  Air  Pumps  : 
Molecular  Air  Pump  (Die  dussere  Reihuny  cler  Gase  unci  ein  neiies  Prinzip 
fih-  Luftpumpcn:  Die  Molekularliiftpumpe,  W.  Gaede.  PhysikaUsche 
Zeits.,  vol.  13,  no.  18,  p.  S64,  September  15,  1912.  6  pp.,  5  figs.  d).  De- 
scription of  a  new  pump  based  on  the  principle  of  utilizing  the  external 
friction  between  the  gas  molecules  and  the  walls  of  a  vessel,  and  the 
rebound  of  the  molecules  at  a  certain  definite  angle.  In  rapidity  of 
operation  and  degree  of  exhaust  the  new  pump  exceeds  the  mercury  vacuum 
pump.  It  can  exhaust  not  only  air.  but  also  vapors. 

Steam  Engineering 

On  the  Cycle  of  a  Steam  Engine  (Sur  le  cycle  de  la  machine  a 
rapeur,  A.  Leduc,  La  Revue  electrique,  vol.  IS,  no.  209,  p.  195,  September 
13,  1912.  3  pp.,  3  figs.  t).  From  a  paper  read  by  the  author  before  the 
Nimes  Congress  of  the  French  Association  for  the  Advancement  of  Science. 
The  efficiencies  of  the  Carnot  and  Rankine  cycles  are  supposed  to  be 
very  close  to  each  other ;  in  a  non-condensing  engine  working  between 
200  and  100  deg.  cent.  (392  and  212  deg.  fahr.)  they  are,  but  in  condens- 
ing engines  working  between  160  and  40  deg.  cent.  (320  and  104  deg. 
fahr.)  the  two  efliciencies  differ  by  13  per  cent. 

The  author  proceeds  to  consider  a  theoretical  case  of  engine  with  con- 
denser working  at  60  deg.  cent  (140  deg.  fahr.),  and  using  first  saturated 
steam  at  200  deg.  cent.  (392  deg.  fahr.),  and  then  steam  produced  in  a 
boiler  at  100  deg.  cent.  (212  deg.  fahr.)  and  superheated  to  200  deg.  cent. 
Let  To  and  7'i  be  the  temperatures  of  the  isotherms,  k  real  specific  heat 
of  water  at  2'o,  I/o  and  L^  latent  heats  of  evaporation  at  To  and  Ti,  and  x 
quality  of  steam  at  the  end  of  adiabatic  expansion  (on  the  supposition  of 
the  steam  being  saturated  and  dry  at  the  beginning).     Then 


J 


dT    Li_Lo 
^  ^  +  ^  ~^x [1] 

This,  calculated  by  means  of  the  tables  of  latent  heat  of  Regnault  or 
Henning,  with  average  value  A:=1.025,  gives 


x=0.797     and     77=^=0.266 

for  the  first  case. 

For  the  second  case  let  T^  be  the  temperature  at  which  the  steam  is 
produced    (100  deg.   cent.),   and  T^    (200  deg.  cent.)    the  temperature  at 
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wliich  it  is  introduced   into  (Ih>  cylind*'!' ;   V  specitie  Iieat  of  steaui  under 
(»ne  atmosphere  pressure.     Then 
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Or,  with  fc-^l.Ol  , 

or  less  than  half  the  efficient-y  ol'  the  cycle  without  superheat.  The  efii-* 
ciency  of  the  corresponding  Carnot  cycle  is  0.296;  the  Rankine  cycle  is 
below  it  by  abotit  10  per  cent,  and  the  cycle  with  superheat  by  about  65 
per  cent.  The  inferiority  of  the  last  is  explained  by  an  almost  total  ab- 
sence of  condensation  in  the  cylinder,  which  results  in  0.2x563=112  calories 
escaping  transformation  into  work.  In  a  practical  case,  steam  is  produced 
stiturated  at  160  deg.  cent.  (320  deg.  fahr.),  and  superheated  to  300  deg. 
cent.  (572  deg.  fahr.).  with  the  condenser  at  40  deg.  cent.  (104  d^.  fahr.). 
Equation  [2],  with  A:=1.01  and  0=0.50.  gives  a;=0.875,  and  ^  =0.265,  in- 
stead of  0.24,  as  in  the  case  of  saturated  steam,  thus  showing  an  improve- 
ment in  efficiency  of  about  10  per  cent.  The  improvement  in  the  case  of 
the  Carnot  cycle  would  be,  however,  from  0.277  to  0.454,  or  64  per  cent. 
The  main  part  of  the  rest  of  the  paper  has  been  already  reported  in  The 
Journal,  September  1912,  p.  1392,  from  an  article  by  the  author  in  an- 
other periodical. 

Water-Tube  Boilers  with  Automatic  Underfeed  Furnaces  (Chaudi^res 
aquatuhulaires  avcc  foyers  automatiques  a  propulsion  inferieure.  Le  06nie 
Civil,  vol.  61,  no.  21,  p.  413,  September  21,  1912.  6  pp.,  15  figs,  and  one 
plate  of  drawings,  d).  Description  of  the  Sulzer  ivatcr-tuhe  hoilers  and 
automatic  underfeed  stokers,  with  detail  drawings. 

On  the  Influence  of  the  Material  and  Thickness  of  Walls  of  Econo- 
mizer Pipes  on  the  Utilization  of  Heat  {ijher  den  Einfluss  des  Materials 
und  der  Wandstdrke  von  Ekonomiscrrohren  auf  die  Wdrmeausnutsung, 
Arthur  HanfE.  Braunkohle,  vol.  11,  no.  25,  p.  389,  September  20,  1912. 
iy-2  VV-  P)-  Discussion  of  the  problem  xvliether  or  not  irronglit-iron  pipes 
are  preferable  to  cast-iron  ones  in  economizers  as  far  as  the  utilization 
of  heat  is  concerned;  cast-iron  pipes  being  otherwise  preferable  because 
they  are  easier  to  clean.  The  coefficient  of  heat  transmission  between  the 
gases  and  water  in  the  economizer  is 

1 

k   = 


115 
ai        ai  A 


where  ai  i^  the  coefficient  of  heat  transmission  between  the  flue  gases 
and  the  external  wall  of  the  pipe ;  ^^  same  between  the  inner  wall  of  the 
pipe  and  the  feedwater;  5  thickness  of  the  metal  wall  in  meters;  x  co- 
efficient of   heat    transmission   of    the   wall    material.      The   material    and 

thickness  of  the  wall  affect  therefore  only  the  single  factor  -.     To  show 

X 
of  how  little   importance   this    factor    is,    the  author   gives   the   following 
calculation : 
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For  both  cases:  «,  =1^-142,  „^  =6(10.  For  cast  iron5=10.5  mm  (say  0.4 
iu.),  for  wrought  iron,  2.5  mm  (or  0.1  iu)  ;  the  most  advantageous  co- 
efficient of  heat  transmission  x^70  is  accepted  for  wrought'  iron,  and  the 
least  advantageous  x  =40  for  cast  iron.  Substituting  these  values  in  the 
above  formula,  the  author  obtains  for  wrought  iron  fc:==15.755,  and  for 
cast  iron  /t=15.70,  showing  that,  even  with  the  above  assumptions,  cast- 
iron  pipes  are  practically  just  as  good  as  wrought-iron  pipes  as  far  as 
transmission  of  heat  is  concerned. 

Examination  of  the  Method  of  Mk.  J. -Paul  Clayton  for  the  Ex- 
perimental STUDY  of  Reciprocating  Steam  Engines  {Examen  de  la 
m6thode  de  M.  J.-Paul  Clayton  pour  Vetude  experimentale  de  la  machine 
()  vapeur  a  piston,  V.  Dwelshauvers-lJery.  Revue  de  m4canique,  vol.  31, 
no.  2,  p,  100,  August  31,  1912.  (!  pp.,  2  figs.  t).  The  author  considers  Mr. 
Clayton's  method  highly  \-aluable,  especially  for  practical  purposes.  He 
calls  attention  to  the  article  which  he  and  A.  Duchesne  published  in  the 
Revue  de  mecanique,  July  1901,  in  which  they  attempted  to  show  experi- 
mentally that  the  laws  of  exi:>ansion  and  compression  differed  from  one 
another.  This  ought  to  be  expected  since  during  expansion  the  metallic 
walls  of  the  cylinder  furnish  heat  to  the  working  fluid,  while  during 
compression,  or  at  least  a  large  part  of  it,  it  is  the  superheated  fluid  that 
gives  up  its  heat  to  the  surrounding  metal. 

All  the  operations  and  measurements  for  this  article  have  been  made 
with  extreme  precision,  with  the  values  of  all  the  ordinates  and  abscissae 
of  the  indicator  diagrams,  and  their  logarithms  given.  It  is  therefore 
easy  to  construct  a  logarithmic  diagram.  For  the  expansion  the  logarithmic 
diagram  resembles  a  straight  line,  but  is  not;  for  the  compression  the 
curve  is  so  pronounced,  especially  towards  the  end.  that  there  is  no  pos- 
sibility of  mistaking  it.  A  beginning  of  a  loop  appears  at  the  end  of 
compression  of  the  PV  diagram.  Some  attributed  it  to  leaks,  the  author 
to  condensation,  and  G.  Duchesne  proved  definitely  that  it  was  so  by  com- 
pressing in  the  same  cylinder  and  under  the  same  conditions,  incondensible 
air,  and  obtaining  no  loop.  The  law  of  compression  of  steam  in  our  engines 
differs  therefore  from  that  of  expansion. 

As  to  the  practical  application  of  Mr.  Clayton's  method,  the  author 
draws  attention  to  the  necessity  of  taking  the  greatest  precaution  for 
obtaining  correct  indicator  diagrams  when  they  are  to  be  used  in  this 
connection.  As  to  the  volumes  indicated  by  the  abscissae  of  the  dia- 
grams :  stroke  reducers  with  long  cord  must  be  absolutely  avoided  owing 
to  the  possibility  of  whipping:  it  is  essential  that  when  the  piston  is  at 
exactly  0.1,  0.2,  etc.  of  its  stroke,  the  pencil  should  be  at  exactly  the 
same  points  of  its  stroke,  which  cannot  be  done  if  the  stroke  reducer 
consists  of  a  cord  which  shortens  and  lengthens,  or  if  the  rigid  joints  have 
a  play.  The  clearance  must  also  be  exactly  determined  either  by  calcula- 
tion, or  by  filling  it  with  water,  and  still  better  in  both  ways.  One  must 
not  rely  too  implicitly  on  the  data  furnished  by  the  manufacturers  as  to 
the  ordinates :  it  is  safer  to  have  the  instrument  calibrated  personally. 
Usually  an  average  diagram  is  made  of  the  head  and  crank  diagram, 
which  is  used  as  if  it  were  a  real  diagram.    This  of  course  is  wrong;  the 
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average  value  of  A'e  is  thereiore  wrong,  although  it  is  very  difficult  to  say 
just  how  far  it  is  wrong.  The  only  way  to  obtain  the  most  exact  datii 
possible  is  to  use  a  surface  coudeuser  at  each  end  of  the  cylinder.  The 
author  found  in  some  of  his  experiments  that  even  with  separate  valve 
gears  for  both  sides  of  the  cylinder,  and  everything,  including  clearances, 
on  both  sides  exactly  similar,  there  were  still  differences  between  the 
head  and  crank  diagrams,  due  probably  to  different  speeds  of  the  piston 
at  both  ends  of  its  stroke.  The  two  condensers  method  is  therefore  the 
only  way  to  obtain  really  exact  data. 

Manner  of  Working  of  Steam  Generators  (Jimcre  Arhcitsweise  von 
Dampfgeneratoren,  B.  Sehapira.  Zeits.  filr  Danipflcessel  und  Maschinen- 
betrieb,  vol.  35,  no.  37,  p.  3SS,  September  13,  1912.  2  pp.,  9  figs.  gt).  Gen- 
eral discussion  of  the  process  of  steam  generation  in  a  boiler,  mainly  with 
regard  to  its  dependence  on  the  internal  circulation. 

Purification  of  Water  by  Permutit  {Epuration  des  eaux  par  la  Per- 
mutite,  L.  CI  era,  Portefeuille  ^cononiique  des  machines,  ser.  5,  vol.  10,  no. 
681,  p.  130,  September  1912.  g).  A  general  article  on  the  use  of  permutit, 
without  data  of  any  specific  tests. 

New  Arrangement  of  the  Sulzer  Heating  Boilers  {Neue  Anordnung 
von  Sulzer-Heiskesseln  fiir  ausgcdehnte  Heizanlagen.  Diuglers  polytechni- 
scJies  Journal,  vol.  327,  no.  37,  p.  590,  September  14,  1912.  2  pp.,  3  figs. 
de).  Description  and  data  of  tests  of  the  Sulzer  boiler  for  house  heating. 
Tests  made  by  the  Swiss  Association  of  Steam  Boiler  Owners  have 
shown  an  efficiency  as  high  as  S6.2  per  cent,  and  an  average  flue  gas 
temperature,  even  with  the  boiler  overloaded,  Itelow  200  deg.  cent.  (392 
deg.  fahr. ). 

Means  for  Removing  Scale  in  Boilers  {Uber  Mittel  sur  Bokdnipfung 
des  Kesselsteines,  E.  E.  Basch.  Zvits.  fur  Danipflcessel  und  Maschinenbe- 
trieb,  vol.  35,  no.  38,  p.  393,  September  20,  1912.  2  pp.  p).  Summary  of 
recipes  for  the  prevention  of  scale  in  boilers  patented  at  various  times  in 
Germany,  with  short  criticisms.  Covers  practically  the  same  ground  as  the 
article  reported  in  The  Journal,  February  1912,  p.  309. 

Testing  of  Materials  and  Materials  of  Construction 

Experiments  on  the  Influence  of  Width  in  Notch  Shock  Tests 
( Versuche  iiber  den  Einfluss  der  Breite  bei  Kerbschlagproben,  R.  Baumann, 
Zeits.  des  Vereines  deutscher  Ingenieure,  vol.  56,  no.  33,  p.  1311.  August 
17,  1912,  4  pp.,  10  figs.  e).  The  International  Association  for  Testing  Ma- 
terials specified  the  width  of  test  bars  for  notch  shock  tests  as  30  mm, 
but  for  plates  decided  to  consider  the  thickness  of  the  plate  as  the  width 
of  the  bar.  The  width  in  this  case  is  therefore  variable,  and  its  influence 
on  the  test  results  bad  to  be  determined.  This  was  partly  done  by 
Ehrensberg.  and  more  fully  by  the  author  as  reported  in  the  present 
article.  The  following  are  the  most  interesting  conclusions  arrived  at: 
(a)  in  boiler  plates  after  annealing  the  work  required  for  rupture  has 
decreased  116  per  cent  in  case  of  "  broad  "  plates,  and  increased  11  per 
cent  with  "narrow"  plates;  (&)  in  the  case  of  square  iron  40  mm  on 
a  side  the  work  required  for  rupture  suddenly  decreased  when  the  width 
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ptissed  1.5  cm.  The  material  which  appeared  as  tough  when  not  broader 
than  1.5  cm,  acted  as  brittle  in  broader  test  pieces.  The  author  explains 
it  by  the  supposition  that  a  wide  piece  does  not  permit  the  contraction 
of  area  and  flow  of  material,  and  that  the  change  of  state  occurring  in 
broad  pieces  is  entirely  different  from  that  in  narrow. 

The  author  thinlvs  therefore  that  the  specifications  of  the  International 
Association  for  Testing  Materials  ought  to  be  revised,  and  a  narrower 
bar  specified.  The  article  contains  full  dnta  of  the  tests,  as  well  as  data 
of  tests  on  cast  iron. 

Useful  Exotic  Woods  and  theik  Application  for  Technical  Purposes 
(Exotische  NutshdJzer  nnd  ihre  Tenrcmlung  in  der  Technik,  Th.  Wolff. 
Prometheus,  vol.  23,  uos.  1191  to  1193,  pp.  742,  759  and  774,  August  24,  31 
and  September  7,  1912.  12  pp.  dp).  Discussion  of  the  application  for 
technical  purposes  and  description  of  properties  of  exotic,  i.e.  non-ciiropean. 
tooods,  viz.  quebracho  (Argentinian  wood,  extremely  hard,  unaffected  by 
air  or  water,  good  for  railway  ties,  telegraph  poles  and  bridges)  ;  teak; 
pock  (has  the  greatest  specific  weight,  extremely  hard);  hickory;  pitch- 
pine;  redwood;  eucalypt ;  Australian  cypress  and  blackwood;  mahogany; 
cedar  and  cypress.  The  article  contains  only  general  information  without 
test  data. 

Action  of  Electricity  on  Reinforced  Concrete  {Lcs  effects  de  V6lec- 
tricite  sur  le  Mton  anne,  F.  H.  Le  Genie  Civil,  vol.  61,  no.  20.  p.  396. 
September  14,  1912.  4  pp.,  23  figs.  e).  Description  and  data  of  tests  on  the 
action  of  electricity  (stray  direct  currents)  on  reinforced  concrete  made  at 
the  Technical  School  at  Darmstadt,  Germany,  and  University  of  Vermont 
in  this  country.  Only  the  former  will  be  reported  here ;  for  the  latter  see 
Engineering  News,  July  1911.  With  concrete  blocks  placed  in  air  on  a 
layer  of  moist  sand,  or  in  sweet  water,  and  subjected  to  the  passage  of 
a  current  of  0.1  ampere  at  140  volts,  fissures  appeared  after  a  period  of 
from  50  to  110  days,  the  location  of  the  fissures  depending  entirely  on 
the  position  of  the  anode;  in  blocks  placed  in  salt  water  they  appeared 
at  the  end  of  from  20  to  70  days,  and  the  concrete  was  colored  in  the 
neighborhood  of  the  fissures  first  greenish  gray  (ferrous  oxide),  and  after 
some  exposure  in  the  air,  brown  (ferric  oxide).  Fissures  appeared  in 
blocks  immersed  in  chalk  water  in  about  the  same  time.  A  series  of  ex- 
periments led  to  the  belief  that  these  fissures  were  produced  not  by  an 
evolution  of  gases,  but  by  a  thickening  of  the  iron  anode  enclosed  in 
the  concrete,  owing  to  superficial  oxidation.  By  furtlier  tests  it  was  found 
that  the  resistance  of  the  reinforcing  members  to  being  torn  out  is  increased 
by  the  action  of  the  current,  which  may  be  explained  by  the  formation 
of  a  layer  of  oxide  adhering  to  the  concrete  more  strongly  than  the 
original  clean  iron. 

Contribution  to  the  Problem  of  Mechanical  Testing  of  Soft  Rubber 
{Beitrdge  zur  Frage  der  mechanisehcn  W cich gumviiprUfwng ,  K.  Memmler, 
Mitteilungen  aus  dem  Kgl.  Matcrialprufnngsamt  zu  Oross-LichterfeJde 
West,  vol.  30.  no.  3,  p.  139,  1912.  11  pp.,  10  figs.  e).  Description  and  data 
of  tests  to  determine  the  resistance  of  soft  ruhher  to  compression  stresses 
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and  wear,  such  as  it  is  subject  to  wiien  used  in  automobile  tires.  For  pre- 
vious tests  of  tensile  strength  of  inhher  by  the  s:iine  institution  see  Thk 
JOURN.VL,  March  11)1 2,  p.  430. 

EXPERIMKNTS   ON    RkDUCTION    OF    StKESS    1!Y    KOUNDING    OfF    SiIARP    ANGLES 

(Versuclic  iihcr  die  t^pdiitiunf/svcrniinderun!/  durch  die  Ausrutidnng  scharfer 
Ecken,  E.  Preuss,  Zeits,  des  Vereines  deutschcr  Ingcnieure,  vol.  56,  no 
34,  p.  1349,  August  24,  1912.  5  pp.,  28  figs.  e).  Description  of  and  data 
from  experiments  made  at  the  testing  laboratory  of  the  Darmstadt  Techni- 
cal High  School  on  the  reduction  of  stresses  in  metal  members  by  round- 
imj  off  sharp  amilcs.  The  author  states  that  although  the  fact  that 
the  stresses  arc  particularly  large  at  sharp  angles  was  known  for  a  long 
time,  there  are  practically  no  exi)erinients  !ivaila)>le  showing  numerically 
tlie  precise  influence  of  the  radius  of  curvature  on  the  stress  at  and  near 
the  point  of  flexure.  Fig.  0  shows  graphically  how  the  change  in  the 
radius  of  curvature  affects  the  distribution  of  lines  of  equal  stresses. 
Among  other  things,  these  experiments  have  established  the  fact  that  the 
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Fig.  6     Distribution  of  Lines  of  Equal  Stresses  for  Various  Radii  of  Curvature 

-f Tensile  Stress;   —  Compression;  0  Points  constructed  from  Measurements:  above  Line  aa  in 

kg/qcm,  below  in  Lb.  per  Sq.  In. 


neutral  point  of  stresses  as  found  from  actual  measurements  does  not 
coincide  with  that  determined  theoretically.  A  complete  account  of  these 
experiments  will  appear  shortly  in  the  Alitteilungen  ilber  Forschungsar- 
heiten. 

VsE  OF  Tbass  in  Reinforced  Concrete  (Gebruik  ran  tras  bij  geiva-pend 
beton,  E.  Jacobs.  IJe  Ingenieur,  vol.  27,  no.  20,  p.  734,  September  7,  1912. 
4  pp.,  4  figs.  eA).  Data  of  tests  for  determining  the  influence  of  the  pro- 
portion of  trass  in  reinforced  concrete  on  the  properties  of  the  latter.  The 
tests  were  made  with  "  Heidelberg  "  Portland  cement  and  Andernach  trass 
to  supplement  the  tests  of  Professor  Van  der  Kloes  (presented  at  the 
Copenhagen  congress  of  the  International  Association  for  Testing  Mater- 
ials). The  author  concluded  that  in  beams  with  maximum  2  per  cent 
reinforcement  (which  is  seldom  exceeded)  concrete  with  say  %  portland 
cement,  14  trass,  2  sand,  and  2  gravel  is  in  general  just  as  strong  as 
concrete  with  pure  cement.  The  article  gives  full  data  of  the  tests,  and 
drawings  of  stressed  sections  of  the  beams  tested. 
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DETEBMliNATlON   OF  THE   I'UOFOKTION   OK   OlilGlNAL  INGREDIENTS   IN  CeMENT, 

MoBTAK  ANu  CONCRETE  AFTER  THEIR  SETTING  {Die  BesUmmung  des 
Mischuny>>verlidltiilsses  von  alKjcbuiideneiio  {erlidrtetem)  Zemcutmortel 
and  -heton,  H.  Burchartz.  Mitieilungen  am  deni  Kgl.  Material- 
priifungsamt  zu  Gross-Lichterfelde  West,  vol.  30,  no.  3,  p.  117,  1912.  4i^ 
pp.  ep).  It  is  sometimes  necessary  to  determine  the  proportion  of  or- 
iginal ingredients  in  mortar  or  concrete  after  their  setting,  e.g.  in  case 
of  an  accident  to  a  building  when  it  is  desired  to  find  out  whether  or  not 
it  was  due  to  poor  mixture.  The  present  article  indicates  the  conditions 
when  such  a  determination  can  he  made,  and  the  methods  of  procedure. 

Tests  of  Slag  Cement  fob  the  Purpose  of  comparing  it  with  Port- 
land Cement  (Frufung  von  Eiscnportlandzement  im  Vergleich  zu  Port- 
landsemcnt,  M.  Gary  and  H.  Burchartz.  Mittcilungen  aus  dem  Kgl.  Mater- 
ialprufangisamt  zu  Gross-Lichterfelde  West,  vol,  30,  no.  3,  p.  122,  1912. 
8  pp.  ce.)  Data  of  supplementary  tests  for  the  determination  of  the 
properties  of  slag  cement  as  cojnpared  with  portlaud  cement.  For  the 
main  investigation  see  The  Journal,  May  1912,  p.  805. 

Action  of  Oil  Concrete  and  Reinforced  Concrete  {Einwirkung  von  Del 
auf  Beton  Oder  Eisenbeton.  Deutsche  Bauzeitung,  no.  11,  1912,  through 
Metall-Teclmik,  vol.  38,  no.  35,  p.  288,  August  31,  1912.  1/2  p.  p).  From  a 
symposium  of  answers  to  a  general  inquiry  sent  out  by  the  German  Cement 
Association  to  its  members.  The  action  of  fat  oils,  i.e.  animal  or  vegetable, 
is  different  from  that  of  mineral  oils.  The  former  become  "  I'ancid,"  i.e. 
decompose  into  glycerin  and  acid  of  fat,  the  latter  entering  into  chemi- 
cal composition  with  the  calcium  of  the  cement  and  thus  decomposing  it, 
which  is  especially  noticeable  in  the  case  of  porous  mortars.  In  prac- 
tice, machinery  foundations  subject  to  the  action  of  constantly  dropping 
lubricating  oils  and  grease,  are  gradually  affected  aud  destroyed.  Cement 
(anlvs  for  oil  are  sometimes  made  useless  after  a  service  of  a  couple 
of  months.  Ou  the  other  hand  mineral  oils  form  no  acids  having  affinity 
to  calcium,  and  therefore  do  not  affect  cement  at  all. 

Previous  Treatment  of  Sheets  before  theib  Use  in  Boiler  Shops 
(Traitement  pr^alable  des  toles  avant  leur  entploi  en  chadronnerie,  Des- 
juzeur.  La  Houillc  blanche,  vol.  11,  no.  7,  p.  178,  July  1912.  8  pp.,  5  figs. 
epA).  Investigation  of  the  problem  of  rendering  boiler  sheets  by  a  previ- 
ous treatment  less  sensible  to  irregularities  of  ivorking  during  the  manu- 
facture of  boilers.  The  author  does  not  reach  any  final  conclusions,  but 
shows  that  boiler  sheets  hardened,  tempered  and  then  cold  worked,  are 
in  about  the  same  condition  as  sheets  first  worked  and  then  tempered ; 
this  may  be  of  some  value  because  it  is  probably  easier  to  harden  and 
temper  the  sheets  first  rather  than  temper  them  after  cold  working,  al- 
though the  cost  of  hardening  must  also  be  considered.  The  second  part 
of  the  article  contains  data  of  a  series  of  interesting  tests  the  purpose 
of  which  was  to  determine  whether  punching  of  rivet  holes  in  boiler  plates 
produces  only  a  permanent  deformation  in  the  neighborhood  of  the  hole, 
or  starts  cracks  as  well,  and  whether  this  may  be  best  remedied  by 
annealing  the  boiler  plate,  or  by  reaming  out  the  punch  hole,  and  in  the 
latter  case,  how  much  must  be  reamed  out.    Tests  were  made  with  plates 
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of  various  thicknesses,  and  it  was  found  (full  data  ai-e  yivcn  in  the  article) 
that  plates  10  mm  (say  0.4  in.)  thick  not  annealed  after  yunching  crack eil 
after  bending  through  53  to  OO  deg.,  while  the  s;inie  plates  punched  and 
subsequently  annealed  could  be  bent  through  110  deg.  without  cracking; 
previous  hardening  and  annealing  makes  it  comparatively  safe  to  bend 
plates  with  punched  and  reamed  out  holes,  but  does  not  permit  of  bend- 
ing plates  with  holes  simply  punched,  and  cannot  therefore  be  substituted 
for  reaming.  Plates  15  mm  (say  0.6  in.)  thick,  when  simply  punched, 
cracked  after  bending  through  107  deg.,  and  broke  when  bent  to  131 
and  147  deg.,  but  plates  with  drilled,  or  punched  and  reamed,  holes  (even 
reamed  only  to  2  mm,  or  0.078  in.)  could  be  bent  with  only  slight  flaws 
at  the  edges.  Annealing  had  the  same  effect  as  reaming,  in  permitting 
plates  to  be  bent  without  cracks.  In  general  it  appears  that  reaming 
of  only  2  mm  (0.07S  in.)  in  diameter  removes  the  part  of  the  metal 
altered  by  punching,  and  that  annealing  is  also  effective  in  restoring  to 
the  metal  its  original  ductility,  thus  proving  that  punching  produces  a 
permanent  deformation  of  the  metal,  and  not  cracks,  since  In  the  latter 
case  annealing  would  do  no  good.  But  though  more  rapid  and  probably 
less  expensive  than  reaming,  annealing  has  the  disadvantage  of  tending 
to  change  the  shape  of  the  plate,  especially  If  it  is  thin,  and  to  Increase  the 
non-coincidence  of  holes  in  the  assembled  boiler  shell ;  besides,  it  does 
not  remove  the  burr  of  the  punch  which  Is  in  the  way  of  a  good  contact 
at  riveting.  Reaming  seems  to  be  better  m  every  way,  but  If  only  of 
2  mm  (0.078  In.)  in  diameter,  though  sufficient  according  to  the  author's 
tests  to  remove  the  permanently  set  metal,  may  not  be  large  enough  in 
the  case  of  superimposed  plates,  owing  to  a  possible  non-coincidence  of  the 
punched  holes ;  since  the  divergence  of  the  holes  may  be  normally  sup- 
posed to  amount  to  about  1  mm  (0.039  in.),  the  hole  ought  to  be  reamed 
to  4  mm  (0,16  In.)  so  as  to  be  sure  to  take  care  of  the  eccentricity  of 
the  hole  in  the  lower  plate. 

Finally  the  author  reports  some  interesting  expanding  tests  on  boiler 
sheets,  which  though  not  directly  connected  with  the  above  tests,  prove 
the  Importance  of  reaming  holes  after  punching.  The  tests  were  made 
on  a  plate  from  a  shell  of  a  water  conduit  under  pressure  which  was 
broken  in  an  accident  to  the  conduit.  Rings  were  cut  out  from  the  plate, 
100  mm  (3.9  in.)  in  diameter,  with  the  hole  in  the  center  and  submitted 
to  the  expanding  test.  The  best  showing  a  ring  with  a  punched  hole 
made  was  when  a  ring  with  a  hole  22.5  mm  in  diameter  broke  after  the 
hole  was  expanded  to  30  mm,  while  rings  with  drilled  holes  made  from 
the  same  sheet  broke  only  after  a  hole  22  mm  in  diameter  was  expanded 
to  55  and  even  69  mm  In  diameter,  thus  showing  that  a  plate  with  a  drilled 
hole  is  several  times  stronger  than  one  with  a  punched  hole. 

Testing  of  Materials  in  a  Modern  Automobile  Factory  {Material- 
priifung  in  einer  tnodernea  AutomoMlfabrik,  E.  Renisch.  Auto-Technik, 
vol.  1,  nos.  15,  16,  17  appended  to  Allgemeine  AutonioMl-Zeitung,  vol.  3, 
nos.  33,  35,  37.  8  pp.,  46  figs.  dp).  Description  of  the  testing  laboratory 
of  the  Protos  Automobile  Company,  Nonnendamm,  Germany.  In  addition 
to  the  usual  apparatus  for  mechanical    testing,   this  laboratory   is  fitted 
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with  ;i  roiii])U'to  iii.stallulinii  foi-  nu'tiilloiinii/hic  invesligation  niul  micro- 
pliotogi-aphy.  Ill  testiuK.  ]i.irticiil:ir  attention  is  paid  to  tlie  appearance 
of  the  surface  of  fractni-e,  as  well  as  to  tests  for  lioniogenelty  of  strnc- 
inre  of  tlae  metal  in  general,  and  in  particular  to  the  presence  of  segre- 
gated particles  of  sulphur  and  phosphorus.  For  the  latter  purpose  the 
Heyn  test  is  used:  the  piece  of  metal  is  ground  and  polished  along  and 
across  the  grain,  and  etched  by  suitable  chemicals.  For  etching  of  a 
polished  surface,  see  .\.  Martens  and  E.  Heyn,  Ilandhuch  der  Materialien- 
kunde  (Berlin  1012).  vol.  2.  pt.  A.  p.  ITS  ff. 

PuEE  Zinc    Pipes    (Rein-Zinkrohre,  M.   Haustcchnische  Rundschau,   vol. 
17.  no.  n.  ]1.  .">!.  September  1.  1912.     1   j).,  ir»  figs.  rj).     Description  of  zinc 
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Fig.   7      Diving  Apparatus  Westpalia 


pipes  of  German  manufacture  for  use  in  house  iratcr  piping.  The  advant- 
ages claimed  for  them  in  comparison  with  lead  and  galvanized  iron  pipes 
are:  they  are  less  affecteil  by  water  and  its  impurities  than  either  of  the 
latter;  they  do  not  give  rise  to  local  electric  currents  due  to  the  contact 
of  two  different  metals  (in  the  case  of  galvanized  iron  pipes)  and  rapidly 
destroying  the  pipes ;  even  if  some  zinc  be  dissolved  by  the  water, 
it  is  harmless.  Tests  at  the  Koyal  Laboratory  at  Gross  Lichterfelde  West 
have  shown  that  mechanically  zinc  pipe  is  much  stronger  than  lead  pipe. 
It  also  gives  a  very  strong  welded  joint. 

Miscellanea 

New   Diving  Apparatus   Westfalia    {Die  neucn   Tauchgcrlithc   "  Wcst- 

falio."     Grahn.  Gliickauf,  vol.  48,  no.  36,  p.  144S,   September  7,  1912.  3 

pp.,  5  flgs.  d).  By   invitation  of  the  German  Navy  Otiice  several  firms 
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have  endeavored  to  construct  a  diving  avparatua  iritltout  air  pipe,  such  as 
might  be  usetl  bj'  the  crew  of  a  submarine  in  case  of  accident.  Such 
an  apparatus  built  by  the  Lubeck  Dredging  Machinery  Company  was  de- 
scribed in  The  Journal,  September  1912,  p.  ir)84.  The  present  article 
treats  of  one  by  the  Westfalia  Armaturen-  und  Maschiuenfabrik  in  Gel- 
senkirchen,  Germany.  Both  factories  had,  previous  to  the  construction  of 
diving  apparatus,  a  large  experience  in  the  manufacture  of  similar  ap- 
paratus for  miners  and  firemen.  As  shown  in  Fig.  7  the  diver  carries 
on  his  back  a  regenerator  tank  taking  care  of  carbon  dioxide  and  water 
vapor  from  breathing,  while  below  it  are  steel  flasks  with  gas  for  breath- 
ing. This  gas  is  not  pure  oxygen,  which  is  poisonous  when  at  high 
pressure    (    cp.  Deutsche  medizinische   Wochenschr.ift,  no.  32,  1912),   but 


Fig.  8      Franz  Maass  and  Hardt  Adjustable  Pipe  Support 


a  mixture  of  oxygen  and  compressed  air  in  such  proportion  that  even  at 
a  depth  of  50  m  (164  ft.)  corresponding  to  a  pressure  of  6  atmospheres 
absolute  the  contents  of  oxygen  does  not  exceed  23  per  cent.  Various  ra- 
tios of  the  mixture  are  used  for  work  at  various  depths ;  thus,  for  20 
to  30  m  (65  to  OS  ft.)  45  per  cent  oxygen  and  55  per  cent  nitrogen, 
while  for  depths  from  50  to  60  m  (164  to  196  ft.)  30  per  cent  oxygen  and 
70  per  cent  nitrogen.  The  oxygen  and  air  or  nitrogen  are  not  liept  in 
separate  vessels,  but  the  flask  is  first  filled  with  compressed  air  up  to  a 
certain  pressure,  and  the  oxygen  is  then  pumped  in,  special  tables  being 
used  for  the  determination  of  the  pressure  corresponding  to  certain  percent- 
ages of  oxygen  in  the  mixture.  The  pressure-reducing  valve  between  the 
steel  flasks  and  injector  is  so  arranged  as  to  vary  automatically  the 
amount  of  gas  admitted  in  proportion  to  the  water  pressure,  the  diving 
outfit  being  thus  always  filled  and  permitting  of  easy  and  comfortable 
breathing.  The  compressed  gas  mixture  serves  also  to  drive  the  injector 
which,  with  the  help  of  suitably  arranged  piping,  takes  the  vitiated  air 
from  the  upper  part  of  the  helm  and  returns  it  thither  after  it  has  passed 
through  the  regenerator  and  become  free  of  the  carbon  dioxide  and  mois- 
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tiiro.  Oil  llie  Iroiil  side  are  placed  two  HasUs  with  compressed  air,  to  be 
used  lor  rapidly  filling  the  diving  suit  wlieii  the  diver  wants  to  come  to  the 
surface  quickly.  The  manometer  permits  him  to  see  what  supply  of 
air  and  oxygen  he  still  has  at  his  command.  The  article  also  describes 
a  second  diviiii;  outfit  without  helm  or  diving  suit,  for  use  for  short  stay 
under  water  or  in  case  of  emergency,  e.g.  accident  to  a  submarine. 

Liquefaction  of  Hydrogen  with  no  Cold  Losses  {Verfliissigung  des 
Wasserstoffs  hei  Vermcklung  von  Kdltevcrlusten,  K.  Olszewski,  Krak.  An;:., 
1912.  pp.  1  to  27,  through  Beihldtter  zu  den  Annalen  dcr  Physik,  vol.  30, 
no.  18,  p.  969.  d).  Description  of  the  Improved  Olszeivski  hydrogen  Jique- 
fler,  thermostat  for  temperatures  from  -TOO  to  0.5  deg.  cent.,  and  gas 
liquefaction  plant  iuKrakau.  Austria. 

I'oRous  Metals  (Lcs  iitetaux  porcaux,  II.  I.  Hannover,  Revue  dc  metal- 
lurgie,  vol.  0,  no.  0,  yi.  (541,  September  1912.  5  pp.,  7  figs.  dt).  General 
remarks  on  the  solidification  of  metallic  alloys,  and  description  of  the 
author's  method  of  producing  porous  metals,  chiefly  lead  plates  for  ac- 
cumulators  (eutectic  alloys). 

Adjustable  Pipe  Supports  (VersteUharc  Rolirtriigcr.  Prometheus,  vol. 
23,  no.  1194,  p.  799,  September  14.  1912.  1  p.,  5  figs.  d).  Description  of  an 
adjustable  pipe  support  to  be  used  either  when  the  position  of  a  pipe  has 
to  be  changed,  or  when  the  original  support  has  been  placed  incorrectly. 
By  unscrewing  the  two  bolts,  the  pipe  may  be  adjusted  for  practically 
any  desired  position  within  a  fairly  wide  range  of  variation   (Fig.8). 

Dredges  (Les  dragues,  A.  Baril,  Revue  dc  mccanlque,  vol.  31,  no.  2, 
p.  Ill,  August  31,  1912.  43  pp.,  82  figs.  d).  Description  of  dredges,  mainly 
for  harbor  work,  European  types. 

Supplementary  References 

I'REH eating  the  Air  IN  INTERNAL  CoiMBUSTioN  ENGINES  (April  and  May, 
1912,  pp.  G15  and  793).  Cii.  another  report  of  same  article  in  Power, 
October  15,  1912,  p.  565,  and  an  article  on  the  same  subject  in  Oas 
Engine   (Preheating  Gas  Engine  Charge,  no.  10,  1912,  p.  538). 

Theory  of  Steel- Welding  (June  1912,  p.  961).  The  same  article  re- 
ported in  Aceti/Iene  Lighting  and  Welding  Journal,  Septemlier  1912,  p.  205. 

Something  About  Diving  (October  1912,  p.  1584).  For  a  description  of 
the  Lubeck  diving  ajiparatus  see  also  Scientific  American,  October  5, 
1912,  p.  284. 
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MEETINGS  ON  SMOKE  ABATEMENT 

The  inoblciu  of  Smoke  Abatement  has  been  considered  at  two  recent  meetings 
of  the  Society,  Cieorge  H.  Perkins,  head  of  the  engineering  department  of  the 
Lowell  Textile  School,  giving  his  report  on  the  International  Smoke  Abatement 
Exhibition  and  Conference,  held  in  London  in  March  and  April  1912,  at  which 
he  represented  the  Lowell  Textile  School  and  also  the  Society. 

At  the  first  of  these,  a  joint  meeting  of  the  Philadelphia  Section  and  the  Engi- 
neers Club  of  Philadelphia,  held  in  that  city  on  October  5,  a  paper  on  Methods 
and  Means  of  Smoke  Abatement,  was  presented  by  the  author,  O.  R.  McBride 
of  Pittsburgh,  following  Mr.  Perkins'  report,  and  was  profusely  illustrated  with 
lantern  slides.  Talks  on  the  sanitary  aspect  of  the  smoke  problem  were  given  by 
Dr.  Andrews  Allen,  representing  the  County  Medical  Association,  and  Dr.  Anders, 
both  tracing  the  relation  between  the  presence  of  smoke  in  the  atmosphere  and 
the  spread  and  virulence  of  disease.  John  M.  Lukens,  chief  of  the  Bureau  of 
Boiler  Inspection  of  Philadelphia,  gave  a  brief  sketch  of  the  municipal  efforts  in 
the  direction  of  smoke  abatement  in  that  city,  and  quoted  figures  to  show  that 
about  500  smoke-consuming  appliances  have  been  installed  there.  Henry  S. 
Morris  recommended  for  this  piu'pose  the  wider  use  of  gaseous  fuel  as  both  a 
cleaner  and  on  the  whole  a  more  economical  method  than  burning  coul  in  the 
furnace.  Hem-y  J.  Hartley,  on  the  other  hand,  ascribed  a  large  part  of  the 
smoke  nuisance  to  the  desire  of  manufacturers  to  get  out  of  a  boiler  more  than 
its  capacity,  and  to  their  trying  to  force  through  more  fuel  than  the  grates  can 
take  care  of  properly.  W.  C.  Furber  said  that  smoke  inspectors  are  on  duty 
in  Washington  until  six  o'clock  each  evening  and  that  the  hotels  may  smoke  as 
much  as  they  want  to  after  that  hour.  Prof.  Robert  H.  Fernald  insisted  on  the 
necessity  of  eliminating  the  political  factor  from  the  problem  of  smoke  pi'even- 
tion,  and  of  exceedingly  careful  study  of  the  type  of  furnace  and  other  condi- 
tions. In  conclusion  he  made  favorable  mention  of  the  work  done  in  this  direc- 
tion in  Cleveland. 

At  a  meeting  of  the  members  in  New  York  and  vicinity,  held  on  October  8, 
more  than  300  members  and  representatives  of  various  municipal  and  technical 
organizations  were  present.  Following  Mr.  Perkins'  report,  Paul  P.  Bird  told 
how  the  smoke  problem  is  being  solved  in  Chicago  and  what  the  smoke  depart- 
ment there  is  doing  in  this  respect.  Prof.  O.  P.  Hood,  representing  the  United 
States  Bureau  of  Mines,  followed  him  with  a  statement  of  the  attitude  of  the 
CJovernment  on  this  problem.  Lieut.  James  Reed,  formerly  assistant  director 
of  Public  Works  of  Philadelphia,  and  John  M.  Lukens,  jKiinted  out  the  important 
role  of  the  railroads  in  this  respect. 

The  scientific  side  of  the  problem  of  smoke  prevcTition  was  taken  up  by  Prof. 

1903 


1904  REPORTS    OF    MEETINGS 

L.  P.  Breckenridge  of  Yale  University,  who  concluded  by  stating  that  with  the 
data  now  available,  and  knowing  the  volatile  content  in  a  coal  and  rate  of  com- 
bustion, it  is  entirely  possible  to  design  furnaces  properly.  The  same  line  of 
discussion  was  continued  by  Professor  Kent  and  Dr.  Jacobus,  who  showed  that 
smoke  may  be  prevented  and  explained  the  difficulties  in  the  way  of  its  complete 
ehmination.  Mr.  Adler  closed  the  discussion  by  a  review  of  the  principles  of 
combustion,  demonstrating  that  the  essential  conditions  of  smoke  abatement 
are  a  long  flame  length,  more  refractory  and  better  firebrick,  and  a  high  chimney. 
Written  discussions  were  submitted  by  Charles  T.  Main,  Horace  C.  Porter 
of  the  Bureau  of  Mines,  Pittsburgh,  Prof.  J.  A.  Moyer,  Perry  Barker,  H.  V.  O. 
Goes,  Dean  C.  H.  Benjamin,  E.  C.  Fisher,  C.  S.  Davis  of  the  William  B.  Pierce 
Co.,  Buffalo,  N.  Y.,  George  R.  Henderson,  J.  S.  Shoemaker  of  Cumberland 
Mills,  Me.,  E.  A.  Uehlung,  and  M.  G.  Huyette  of  Murphy  Iron  Works,  Buffalo, 
N.  Y. 

BOSTON  MEETING,  OCTOBER  16 

The  first  meeting  of  the  season  in  Boston  was  held  on  October  16,  the  Boston 
Society  of  Civil  Engineers  and  the  Boston  section  of  the  American  Institute  of 
Electrical  Engineers  cooperating  with  the  Society.  A  paper  on  the  Water  Power 
Development  of  the  Mississippi  River  Power  Company  at  Keokuk,  Iowa,  was 
presented  by  Hugh  L.  Cooper,  chief  engineer  of  the  company.  By  way  of  in- 
troduction Mr.  Cooper  showed  a  few  shdes  illustrating  notable  features  of  other 
undertakings.  The  immense  undertaking  at  Keokuk  and  its  several  parts  in 
various  stages  of  progress  were  very  fully  illustrated  and  described. 

In  the  discussion  of  the  paper  which  followed,  E.  L.  Galusha,  engineer  with 
the  Stone  and  Webster  Engineering  Corporation  of  Boston,  presented  an  illus- 
trated description  of  the  main  electrical  features  of  the  plant,  including  the  gen- 
erators, switching  and  other  power-house  equipment,  and  transmission  line 
construction. 
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ALBERT  W.  DANFORTH 

Albert  W.  Danforth  who  died  at  his  home  in  Lowell,  Mass., 
on  April  25,  1912,  was  educated  in  the  Lowell  public  schools  and 
began  his  professional  career  as  mechanical  engineer  for  the 
Lawrence  Corporation  of  that  city.  A  few  years  later  he  became 
mill  and  constructing  engineer  for  the  Hamilton  Corporation, 
and  subsequently  designer  and  superintendent  of  construction  on 
machiner}^  for  the  United  States  Cartridge  Company,  and  mill 
and  mechanical  engineer  in  Xewburyport.  In  1882  he  went  to 
China  in  the  employ  of  the  Chinese  Government  to  build  a  cot- 
ton mill  at  Shanghai,  owned  by  Li  Hung  Chang,  then  viceroy 
of  the  province,  remaining  there  for  twenty  years  and  doing 
much  to  introduce  European  methods  of  cotton  manufacture 
into  the  country. 

SAMUEL  TENNEY  MUDGE 

Samuel  Tenney  Mudge  died  at  his  home  in  South  Manchester, 
Conn.,  on  Sex^tember  8,  1912.  Mr.  Mudge  was  born  in  Brooklyn, 
N.  Y.,  on  February  22,  1883,  and  received  his  education  at  the 
Stevens  Institute  of  Technology,  from  which  he  Avas  graduated 
with  the  degree  of  M.E.  in  190G.  He  entered  the  service  of  tlie 
American  Sugar  Eefining  Company  in  Jersey  City  in  the  same 
year,  and  two  years  hiter  became  instructor  in  machine  design 
in  the  University  of  Michigan.  At  the  time  of  his  death  he 
was  general  manager  and  superintendent  of  the  mills  of  the 
Rogers  Paper  Manufacturing  Com])any,  South  Manchester, 
C(mn. 

J.   M.   ROBINSON 

J.  M.  Robinson,  president  of  the  Crex  Carpet  Company  of 
New  York,  who  died  on  March  30,  1912,  was  born  in  New  York 
on  July  19,  1849,  and  educated  in  the  public  schools.  He  re- 
ceived his  engineering  training  in  Cooper  Institute  and  through 
practical  experience. 

Mr.  Robinson  had  charge  for  some  time  of  the  linesmen  and 
building  of  the  Western  Union  Telegraph  Company,  and  was 
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associated  with  tlie  Mills  Estate,  ercctiii«i,-  the  Mills  Jiuildiii^'s 
ill  New  York  and  San  Francisco,  and  having-  acti\e  inanagenieiit 
oi"  the  property.  He  was  also  interested  in  many  connnercial 
enterprises,  including  the  company  of  which  he  was  president 
at  the  time  of  his  death. 

Mr.  Robinson  was  a  resident  of  Teaneck,  N.  J.,  and  actively 
interested  in  the  Board  of  Education  and  in  political  and  social 
alfairs  of  that  township. 

AMOKY    E.   liOWLAIsD 

Amory  E.  Kowland  was  born  July  2,  lbo'2,  in  Brooklyn,  N.  Y., 
and  educated  in  the  Sheffield  Scientihc  School  of  Yale  Univer- 
sity. He  gained  experience  after  graduation  in  practical 
mechanics  in  the  Continental  Iron  Works  in  Brooklyn  and  had 
been  connected  with  the  hrm  of  F.  C.  &  A.  E.  Rowland  in  New 
Haven  and  its  successor,  the  Rowland  Machine  Company,  about 
thirty-five  years.  At  the  time  of  his  death  on  May  7,  191'2,  he 
was  secretary  and  treasurer  of  the  company. 
'  Mr.  Rowland  was  a  trustee  of  the  New  Haven  Ssnings  Bank, 
director  and  prominently  identihed  with  the  New  Haven  Colony 
Historical  Society,  the  Graduates  Club  of  New  Haven,  the 
Organized  Charities  Association,  and  other  similar  organizations. 

JAMES  B.   SINEK 

James  B.  Siner,  a  mill  engineer  of  Boston,  died  on  September 
IT,  1912,  at  his  home  in  Maiden.  Mr.  Siner  who  was  born  in 
Lowell,  Mass.,  on  April  3,  1835,  was  educated  in  the  ])ublic 
schools  of  that  city  and  served  his  apprenticeship  in  the  Law- 
rence Machine  Shop.  He  began  his  career  as  mechanical  supei-- 
intendent  of  the  Washington  Mills  at  Lawrence,  with  wdiich  he 
was  associated  for  twenty-two  years,  and  was  at  the  time  of  his 
death  in  charge  of  the  appraisal  department  of  the  Factory 
Mutual  Fire  Insurance  Company  of  Boston. 
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rill'  Soeic'li  coiisidor.s  ii  :i  special  obligation  auil  pleasant  duty  to  be  the  mediuui 
III'  securing  better  positions  for  its  members.  The  Secretary  gives  tliis  his  personal 
atteution  and  is  pleased  to  receive  requests  both  for  positions  and  for  men.  Notices 
are  not  repeated  except  upon  special  request.  Names  and  records,  however,  are  kept 
on  current  otUce  Ust  three  months,  and  if  desired  must  be  renewed  at  the  end  of 
such  period.  Copy  for  the  Bulletin  must  b?.  In  hand  before  the  12th  of  the  month, 
iho  list  of  ••  men  available  "  is  made  up  from  members  of  the  Society,  with  names 
of  other  good  men  not  members,  and  are  on  tile  in  the  Society  office.  Information 
will  be  sent   upon   application 

POSITIONS    AVAILABLE 

0210  Assistant  eugiiieer,  permanent  position ;  must  be  experienced  de- 
signer of  electric  traveling  cranes,  accurate  and  quick  at  figures,  capable 
of  systematizing  engineering  data.  References  as  to  experience  and  per- 
sonal tiabits.     State  technical  training  and  salary  desired. 

0211  Competent  instructor  in  experimental  mechanical  engineering  in 
one  of  the  prominent  state  universities.  Candidates  for  this  position  should 
have  had  successful  teaching  experience  and  some  practical  work.  Salary 
available  $1500  a  year,  with  excellent  prospects  for  advancement. 

0212  Boiler  shop  superintendent  or  foreman  to  take  charge  of  contract 
shop  with  blast  furnace,  smoke  stack,  tank  and  miscellaneous  work.  Live 
progressive  man.  but  preferably  with  technical  training,  though  not  neces- 
sarily. 

0213  Jig  designer  for  iS'ew  Jersey  concern. 

0214  Man  to  take  charge  of  mechanical  work  of  new  plant,  general 
millwright  repairs,  installation  of  additional  machinery,  repairs  to  motors 
and  electrical  machinery  and  the  installation  of  new  machinery ;  would 
have  charge  of  small  force  of  electricians  and  machinists,  lay  out  work 
and  keep  up  repairs  in  good  shape. 

0215  Leading  draftsman  on  electrical  work  for  prominent  concern ;  con- 
versant with  power  and  substation  equipment  and  capable  of  working  up 
general  plans  and  details  of  such  work.    Man  of  intelligence  and  initiative. 

0216  Electrical  engineer  to  act  as  associate  to  engineer  in  charge  of 
electrical  division  of  prominent  Massachusetts  concern ;  well  grounded  in 
theory  and  construction  of  such  electrical  apparatus  as  enters  into  sta- 
tion equipment  and  able  to  work  out  general  problems  connected  with  the 
extension  of  a  plant,  to  make  estimates,  specifications,  etc. 

0217  Designer  for  rolling  mill  installations  and  similar  types  of  heavy 
machinery.    Must  be  a  technical  graduate.     Salary  $175  to  $225. 

0218  Opening  in  engineering  department  for  a  technical  graduate  of 
concern   manufacturing   ball   bearings.     Would   want   a   man   who   would 
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i-egiu   as   draftsman   and   work    up   to   an   engineer's   position.     Location 
Connecticut. 

0219  Concern  in  New  Yorli  State  desires  services  of  man  for  tlie  pur- 
pose of  investigating  tlie  electrical  power  propositions  of  tlie  company, 
especially  as  applied  to  low-pressure  steam  turbines  driven  from  mill 
engine  exhaust.  Applicant  would  have  to  be  experienced  along  this  line 
of  work  and  able  to  take  up  the  entire  question. 

0220  Shop  superintendent  for  large  plant,  manufacturing  line  of  small 
specialties,  located  in  New  Jersey,  about  20  miles  from  New  York.  Posi- 
tion will  require  a  technical  graduate  having  considerable  experience 
particularly  in  the  manufacture  of  articles  requiring  interchangeable  parts, 
automatic  machinery,  etc. 

0221  Designer  to  work  out  new  design  of  jig  or  develop  present  design. 

0222  Man  with  stationary  or  marine  engineering  experience,  familiar 
with  the  combustion  of  oil  and  the  analysis  and  control  of  the  gases  of  com- 
bustion by  means  of  the  Orsat  apparatus,  pyrometers,  etc.  Location  small 
New  Jersey  town,  about  30  to  3.5  miles  from  New  York  City. 

MEN    AVAILABLE 

518  Junior,  mechanical  engineer,  Cornell,  age  27,  married,  desires  posi- 
tion of  some  responsibility  in  inspection  or  production  department  of  pro- 
gressive manufacturing  concern ;  experience  in  foundry  of  prominent  pump 
manufacturer ;  cost  department  of  a  recognized  maker  of  machine  tools ; 
tool  room  of  large  experimental  machine  shop ;  now  employed  as  foreman 
of  automobile  assembly.    Satisfactory  references  as  to  character  and  ability. 

519  Member,  M.I.T.  graduate,  married,  desires  iiosition  as  plant  In- 
gineer,  purchasing  agent  or  superintendent  of  construction  ;  20  years'  ex- 
perience in  estimates,  valuations,  purchases,  designs,  specifications  construc- 
tion, equipment  testing  and  general  operation  of  steam  and  hydraulic 
electric  power  plants,  factories,  textile  mills  and  electric  transmission 
of  power.     Salary  .f;3(i00  to  $4000. 

.520  Associate,  age  35,  desires  position  of  respcmsibility  in  or  near  Phila- 
delphia. Sixteen  years'  experience  in  civil,  structural  and  mechanical 
lines,  as  draftsman,  squad  foreman,  chief  draftsman  and  checker  at  roll- 
ing, steel  and  pipe  mills,  blast  furnaces,  steel  cars  and  locomotives,  by- 
])roduct  coke  ovens  and  on  chemical  apparatus. 

-■(21  Technical  graduate  with  degrees  of  M.E.  and  C.E.,  instructor  for 
a  iuiuil>cr  of  years  in  machine  design  and  descriptive  geometry,  wishes  to 
take  clmrge  of  machine  design  or  descriptive  geometry  departments  of  a 
university  or  technical  school.  Author  of  I'ecent  text  books  on  above 
subjects.  Would  accept  position  as  mechanical  or  research  engineer  in 
manufacturing  plant,  consulting  and  testing  work.  At  present  employed 
Init  desires  to  change. 

522  Recent  graduate  desires  position  as  assistant  to  a  superintendent 
or  production  engineer. 

523  Member  desires  position  as  works  manager,  preferably  with  new 
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company    just   start  iuiL,'    busiuess ;    loDg   experieuce   as    factory    man    aud 
engineer ;  at  present  bead  of  engineering  department  of  large  company. 

524  Member,  technical  graduate,  scientific  training  with  thorough  knowl- 
edge of  chemistry  aud  chemical  processes,  9  years'  experience  iu  design 
and  operation  of  steam  and  gas  power  installations  and  apparatus,  special- 
izing in  the  economic  combustion  and  gasification  of  fuels,  desires  position 
with  manufacturer :  salary  ,$3000;  or  will  consider  a  position  with  con- 
sulting engineer  on  a  salary  partnership  basis. 

52.5  Mechanical  engineer,  thirty,  desires  responsible  position  with  grow- 
ing concern  ;  nine  years'  experience  in  engine  and  boiler  manufacture  aud 
general  plate  steel  construi-tion,  in  sales  and  engineering  departments  and 
as  assistant  manager;  ability  and  initiative,  good  organizer.  Graduate 
of  leading  engineering  college.  Eastern  location  desired,  preferably  Phila- 
delphia. New  York  or  Baltimore. 

52(5  Member,  at  present  at  head  of  department  of  mechanical  engineer- 
ing of  Eastern  college,  with  thirteen  years'  successful  experience  as  en- 
gineer of  tests,  mechanical  engineer  and  superintendent  of  engine  works, 
would  like  to  become  identified  with  firm  of  consulting  engineers,  or 
sales  engineer  with  a  manufacturing  organization. 

527  Sales  manager,  man  of  executive  business  capacity,  35  years  of 
age,  desires  position.  Technical  education,  manufacturing  experience  m 
foundry  and  machine  shops,  business  experience,  office  and  road. 

528  Cornell  graduate  experience  in  hydroelectric,  power  plant  and  trans- 
mission line  work. 

529  Mechanical  engineer,  member,  university  graduate,  35  years'  experi- 
ence in  the  building,  erection  and  managing  of  sugar  and  chemical  plants, 
designing  and  building  si)ecial  apparatus,  vacuum  and  condensing  plants, 
power  plants,  etc.,  will  consider  position  as  superintendent,  managing 
engineer  of  industrial  plants,  or  take  charge  of  branch  office  for  the  equip- 
ment of  such  plants. 

530  Memlier.  age  35,  M.I.T.  graduate,  wishes  to  change.  Fifteen  years' 
experience  in  mechanical  and  civil  engineering,  including  designing,  erec- 
tion, testing  and  operation  and  teaching  engineering,  five  years  in  executive 
liositions.  Position  as  assistant  to  works  manager  of  large  plant  or 
group   of   plants,    or    with    consulting   engineer.      Mininuim    salar,v,    .$3000. 

."i.'tl  Manager  or  suixTintendent ;  mechanical  engineer  with  practical 
shop,  technical  and  commercial  experience,  expert  in  up-to-date  manu- 
facture of  intei'cliange;ible  iwirts.  resourceful  in  design  and  ])rocess  for 
reducing  costs  and  increasing  ])roducti(m,  good  organizer  and  production 
engineer  with  excellent  executive  ability.     A-1  references. 

.5.32  M.I.T.  graduate  in  mechanical  engineering,  age  25,  has  been  em- 
ployed as  assistant  to  chief  engineer  in  automobile  plant.  Desires  posi- 
tion with  concern  having  opportunity-  for  such  man,  and  where  merit  is 
determined  by  results. 

.533  Cornell  graduate  with  several  years'  practical,  mechanical,  elec- 
trical   and    industrial    engineering    experience   wants    permanent    position 
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Willi  esialilislied  c<)uii)iiii.v,  witli  whuui  energy,  perseverance  and  knowledge 
ol  iip-to-tlMte  luuderij  luelliods  can  be  made  ol"  value.  Thoroughly  versed 
in  design,  development  and  l)uilding  ol'  special  machinery  and  the  manage- 
ment of  men.     Salary  to  be  adjusted  with  value  ol"  services  rendered. 

534  Executive  engineer  $0,000  man  open  for  position.  Broad  experience 
in  design  construction  and  operation  of  hydraulic,  gas  and  steam  power 
and  manufacturing  ijlants.  Competent  organizer  and  handler  of  men  and 
machinery. 

.'')3.5  Junior  member,  three  years"  experience  in  selling,  manufacturing 
and  drafting.  At  present  employed,  desires  position  with  manufacturing 
concern. 

536  Graduate  Massachusetts  Institute  of  Technology,  age  37,  married, 
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THE    WARNER    cV    SWASEY    COMPANY 

Works  and  Main  Office:  CLEVELAND,  U.  S.  A. 

Hiaiirh  Offlc-es:  NEW  YORK,   BOSTON,  DETROIT  and  CHICAGO 
TURRET  LATHES        TURRET  SCREW  MACHINES        BRASS-WORKING  MACHINE  TOOLS 

UNIVERSAL   HOLLOW -HEXAGON 
TURRET  LATHES- 


FOR     BAR     AND     CHUCKING     WORK- 
EQUALLY    EFFICIENT    FOR    BOTH. 


Two  liislily  efficient 
machines  in  one  —  com- 
bining the  rapidity  and 
accuracy  of  the  Tvirret 
Lathe  and  the  simplicit\- 
and  adaptability  of  the 
lOngine  I.ath( . 

Two  independent  tool  car- 
riages, operating  simul- 
taneously ;  multiple  cut- 
ting tools  ;  geared  head 
single  pulley  drive;  great 
strength  and  rigidity. 

Two  sizes — 
No.  2A— Bar  work2ix26; 
chucking  12". 
No.  3A— Bar  work  3^x36; 
chucking  15". 


isr 


No.  .'.4 — With  "Chuckuig  Equlpmenf 


STEAMI 


1    GAS 


GAS 


BUCKEYE  GAS  ENGINES 

Owing  to  the  governing  system  the  regulation  equals  that  of  any 
modern  steam  engine,  insuring  successful  parallel  operation. 
The  mixing  apparatus  is  a  combination  of  quantity  and  quality 
control,  the  double  ignition  system  is  simple  and  easily  adjusted, 
the  water  cooling  system  is  the  most  efficient  devised.  Built  in 
horse  powers  from  50  up,  for  Natural,  illuminating  or  producer  gas. 
Send  for  catalog. 

BUCKEYE  ENGINE  COMPANY 

SALEM,   OHIO 


STEAM 


EXTRACTS   FROM  THE  BOOK  OF  THE 
HARTNESS    FLAT   TURRET   LATHE 

Copies  cheerfully  mailed  on  request 

JONES  &  LAMSON 

MACHINE 
COMPANY 

SPRINGFIELD,  VT.,  U.  S.  A. 

Queen  Victoria  St.,  London,  E.  G. 

France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray, 
9  and  11  Rue  des  Envierges,  Paris.  Italy,  Adler  & 
Eiaenschitz,  Milan.  Germany,  Holland,  Belgium, 
Switzerland,  Austria-Hungary.  M.  Koyemann,  Char- 
lottenstrasse  112,  Dusseldorf,  Germany. 


2  X  24-inch  Flat  Turret  Lathe  with  Cross  Sliding   Head,   Equipped   for    Bar  Work 

(Countershaft  Drive) 


2  X  24-iach  Flat  Turret  Lathe  with  Cross  Shding  Head,  Equipped 
for  Bar  Work  (Motor  Drive) 


The  Hartness  Flat  Turret  Lathe  with  cross  shding  head 
is  made  in  two  sizes,  and  may  be  furnished  with  an  equip- 
ment of  tools  for  either  bar  work  or  chuck  work,  or  a  double 
equipment  for  both  bar  and  chuck  work. 

The  smaller  machine,  shown  above  and  on  preceding  page, 
is  called  the  2  x  24-inch,  and  when  equipped  with  the  auto- 
matic die  outfit  of  tools  it  turns  nearly  every  conceivable 
shape  under  dimension  of  2^  inches  diameter  and  24  inches 
of  length.  The  hole  through  the  spindle  is  now  made  23/s 
inches.  For  various  details  of  working  range  and  outfit  for 
bar  work,  see  pages  14  to  44.     Itemized  outfit,  pages  86  and 

^7-         .  .  . 

This  machine,  equipped  for  chuck  work,  is  described  on 

pages  45  to  85.    See  also  pages  22  to  26. 

The  machine  may  be  ordered  with  either  the  chucking 
or  bar  outfit,  and  supplied  later  with  the  other  outfit,  if  for 
any  reason  the  machine  should  be  changed  from  bar  to  chuck 
work,  or  vice  versa.  Since  the  chucking  outfit  is  compara- 
tively inexpensive,  it  is  frequently  ordered  with  the  bar 
outfit  of  one  or  more  machines  of  a  lot,  so  that  at  least  one 
machine  may  be  used  on  short  notice  for  chuck  work. 


MESTA 


DESIGNERS  &  BUILDERS 


MFSTA  OAS  ENGINE  ON  CRFCTINO  FLOOR  READY 


ENGINE  S.  ROPE  DRIVE 


5fA/D    FOR  OUR  LATEST  BOOKLET 


Little  Things  With 
Big  Duties 


In  the  Ingersoll-Rand  shops,  nothing  is  so  small  that  we 
can  afford  to  slight  it  in  any  detail.  We  have  a 
standard  to  maintain. 

The  biggest  things  we  build  are  air  compressors^ — the  small- 
est, pneumatic  tools.  But  we  put  just  as  much 
study  and  care  and  skill  into  the  manufacture 
of  a  pneumatic  hammer  or  drill  as  we  do  into 
the  building  of  an  8000-foot  compressor. 

Now,  everything  going  out  under  the  name  Ingersoll- 
Rand  must  represent  us  to  the  purchaser — must 
be  typical  of  the  quality  of  all  our  products^ — must 
be  indicative  of  what  a  customer  may  expect  from 
any  Ingersoll-Rand  machine. 

That  is  the  very  best  reason  we  can  offer  why  you  should 
buy  and  use  Ingersoll-Rand  Pneumatic  Tools,  as 
representative  of  the  very  best  in  design,  materials, 
workmanship  and  performance. 

We  put  a  heavy  duty  on  our  tools,  as  representing  us. 
You  may  do  the  same,  working  for  you. 

newvorkINGERSOLL-RAND  CO.  -ooN 

Officeti  in  All  Principal  Cities  of  the  World. 

COMPRESSORS       AIR  TOOLS       AIR  HOISTS        SAND  RAMMERS 


Force  Feed  Lubrication 

Made  With 

Ratchet,  Cam  or  Worm  Gear 
Drives 


Cut  shows  our  Worm  Gear  and  Pul- 
ley Driven  Pump  which  is  designed 
for  High  Speed  service,  for  Turbines 
Gas  and  Fan  Engines.  The  worm  gear 
attachment  can  be  applied  to  Standard 
Pump  by  removing  standard  Driving 
Saddle  and  Crank  Shaft,  and  install 
the  Worm  Gear  attachment  which  can 
be  placed  at  Right  or  Left  hand  drive. 
We  furnish  pulley  for  Flat  or  Round 
Belt  to  suit  Speed  at  nominal  cost. 

HILLS  -  McCANNA  Company 


153  WEST  KINZIE  STREET 


CHICAGO,  ILL. 


Greatly  Increased  Production  at  Reduced  Upkeep 

Reversible  Motor  Drive  for  Planers,  Slotters,  etc. 


Distinctive  Features  of  this  Drive  are: 

Maximum  cutting  speed  always  sustained, 
giving  greatly  increased  production. 

Reverses  remarkably  close  to  a  line. 

^■astly  more  economical  in  operation  and 
upkeep  than  any  existing  drive. 

Standard  motor  speeds  250-1000  r.p.m. 

Many  speed  combinations  allowing  slowest 
cutting  and  highest  return  speed  to  be  com- 
bined. 

Freedom  from  shocks  giving  quickest  re- 
versals possible  without  jar. 

Unexpected  return  of  current  to  wires  always 
finds  motor  and  control  apparatus  ready  to 
receive  it. 

Quiet  operation. 

Sparkless  commutation. 

Control  in  easy  reach  of  operator. 


Your  attention  is  invited  to  the  greatly  in- 
creased production  at  reduced  power  consurnp- 
tion  being  obtained  from  old  and  new  machine 
tools  using  this  drive — this  with  greatly  reduced 
maintenance. 

Consider  that  production  is  limited  by  the 
strength  of  your  machine  and  not  by  slipping 
belts  or  clutches. 

Consider  the  carload  of  pulleys,  belts,  coun- 
tershafts, hangers,  etc.,  this  drive  displaces  and 
the  reduced  wear  resulting  from  its  simplicity. 

Investigate  the  actual  horsepower  instead 
of  accepting  the  nameplate  rating  of  the  motor 
you  buy. 

Quotations  Given  on  Requeat 


General  Electric  Company 


Atlanta,  Ga. 
Baltimore,  Md. 
Birmingham,  Ala. 
Boise,  Idaho 
Boston.  Mass. 
Buffalo,  N.  Y. 
Butte,  Mont. 
Charleston,  W.  Va. 
Charlotte,  N.  C. 
Chattanooga,  Tenn. 
Chicago,  111. 
Cincinnati,  Ohio 
Cleveland,  Ohio 
Columbus,  Ohio 
Davenport,  Iowa 


Largest  Electrical  Manufacturer  in  the  World  Portland,  Ore. 


General  Office  :    Schenectady,  N.  Y. 
ADDRESS    NEAREST    OFFICE 


Dayton,  Ohio 
Denver,  Colo. 
Detroit,  Mich. 
(OfBce  of  Agent) 
Erie,  Pa. 

Indianapolis,  Ind. 
Kansas  City,  Mo. 
Keokuk,  Iowa 
Knoxville,  Tenn. 
Los  Angeles,  Cal. 


The  guarantee 
of  excellence 


Louisville,  Ky. 
Memphis,  Tenn. 
Milwaukee,  Wis. 
Minneapolis,  Minn. 
Nashville,  Tenn. 
New  Haven,  Conn. 
New  Orleans,  La. 
New  York,  N.  Y. 
Philadelphia,  Pa. 
Pittsburg,  Pa. 


Providence,  R.  I. 
Richmond,  Va. 
Rochester,  N.  Y. 
Salt  Lake  City,  Utah 
San  Francisco,  Cal. 
St.  Louis,  Mo. 
Schenectady,  N.  Y. 
Seattle,  Wash. 
Spokane,  Wash. 
Sprlngfleid,  Mass. 
Syracuse,  N.  Y. 
Toledo,  Ohio 
Youngstown,  Ohio 

3583 


For  Texas  and  Oklahoma  business  refer  to  General  Electric  Company  of^Texaa,— Dallas,  EI  Paso,  Houston 

and  Oklahoma  City.     For  Canadian  business  refer  to  Canadian  General 

Electric  Company,  Lt'd.Toronto,  Ont. 


Profitable  Publications  for  the  Manufacturer 


Shop  Management 

By  FREDERICK  W.  TAYLOR,  M.  E.,  Sc.D. 

6x9  inches.        Printed  on  heavy  paper;  144  pages  and  folder.        Cloth,  $1.50. 

The  chief  object  of  the  author  is  to  advocate  the  accurate  study  of  "How  long 
it  takes  to  do  work,"  or  scientific  time  study,  as  the  foundation  of  the  best  man- 
agement, coupling  high  wages  with  low  labor  cost.  It  is  the  original  presenta- 
tion of  the  principles  of  Scientific  Management. 


PARTIAL  INDEX  OF  SUBJECTS 


What  Is  the  Best  Index  to  Good  Shop 
Management? 

Why  it  Is  Possible  to  Pay  High  Wages 
and  Still  Have  a  Low  Labor  Cost. 

The  Evils  of  "Soldiering." 

The  Only  True  Remedy  for  "Soldier- 
ing." 

Accurate  Scientific  Time  Study. 

Differential  Rate  System  of  Piece  Work. 

The  Task  Idea  in  Management. 


Illustrations  of  the  Practical  Results 
Obtained  Through  the  Application 
of  the  Task  Idea  in  Management 
Standards. 

Planning  Department  :  General  Anal- 
ysis of  the  Duties  and  Qualities 
Demanded  of  a  Good  Foreman. 

Steps  to  Be  Taken  in  Changing  from 
Ordinary  to  the  Best  Type  of  Man- 
agement. 

Where  to  Begin  in  Making  Changes  in 
Management. 


The  Art  of  Cutting  Metals 

SECOND  EDITION. 

By  FREDERICK  W.  TAYLOR,  M.  E.,  Sc.D. 

Written  by  the  inventor  of  high  speed  steel,  this  book  contains  detailed  in- 
structions on  how  to  treat  high  speed  steel  so  as  to  make  the  best  possible  tool 
for  roughing  and  finishing  work.  Gives  standard  shapes,  lip  and  clearance 
angles,  directions  for  forging  and  grinding,  notes  on  tool  steel  and  its  treatment, 

etc. 

6x9  in.        248  pages,  with  24  folders.        Cloth,  S3. 00. 


THE  AMERICAN  SOCIETY  OF 

MECHANICAL  ENGINEERS 


29  WEST  39th  STREET,  NEW  YORK 


Potomac  Electric  Power  Company,  Bennings,  D.  C. 

This  Power  House  is  equipped  with  two  McCaslin 
Conveyors  for  handling  coal  and  ashes 


THE  McCASLIN  NOISELESS  OVERLAPPING 
GRAVITY  BUCKET  CONVEYOR 

is  the  superior  of  any  similar  device  offered  to-day  for  tiie 
conveying  of  Coal,  Ashes,  Hot  Clinker,  etc.,  in  Power 
Station  or  Cement  Mill  Service. 

The  McCaslin  Conveyor  is  selected  when  the  deciding 
factors  are  efficiency,  durability  and  low  maintenance 
cost.  No  one  conveyor  can  be  used  successfully  for  all 
purposes.  We  recommend  the  McCaslin  Conveyor  only 
when  we  know  that  it  is  absolutely  the  best  for  use  under 
given  conditions. 

A  list  of  Power  Stations  and  Cement  Mills  using  the 
McCaslin  Conveyor  includes  many  of  the  largest  and 
most  modern  in  the  world.  We  will  gladly  co-operate 
with  prospective  purchasers  in  the  solving  of  conveying 
])r()l)l('ms. 

MEAD -MORRISON 

MANDFACTDRING  COMPANY 

GENERAL  OFFICE  AND  WORKS:     CAMBRIDGE,  MASS. 


New  York  149  Broadway  New  Orleans 

Chicago  Monadnnrk  ]51ock  Montreal 

Baltimore  821  Equitable  Building  Seattle 

Pittsburgh  108  W.  Park  Way,  N.  S.  Portland 

San  Francisco  Metropolis  Bank  Building  Los  Angeles 


110  North  Peters  street 

28G  St.  James  Street, 

Bailey  Building 

Lumbermen's  Building 

1206  Union  Trust  Building 

71-2056 


Relative 
Economy 


EriCCSON   Hot   Air  ENCiNt 

j^MHI    Simple    Automatic   Non  Condensing  Stelam  Lnginc 
HH^HJ^^^^HH^H  Compound  Condensing  Copuss  Stcam  Cngine 
^^H^^^^H^I^^H  Gasoline  Engine 
IHI^^^^^^HHIi^H^^HII^^^^^^H  DlLaVergne  4Cyclc  Gas  E.NGtNC 


I  De  La  Vergnc  Oil  Engine 

type'fh" 


To  the  power-consuming  manufacturer  the  subject  of  economical  prime 
movers  is  one  of  rapidly  increasing  importance. 

The  fuel  consumption  of  an  engine  depends  on  two  factors— its  mechani- 
cal efficiency  and  its  thermal  efficiency. 

In  all  modern  engines  the  mechanical  efificiencj'  has  reached  the  limit  beyond 
which  it  cannot  go. 

To  decrease  fuel  consumption  we  must  therefore  increase  thermal 
efficiency.     Thermal  efficiency  is  a  measure  of  economy. 

The  diagram  above  indicates  the  thermal  efficiency  of  the  De  La  Vergne  type 
"FH"  oil  engine  in  comparison  with  the  thermal  efficiencies  of  various  other 
heat  engines.  The  lengths  of  the  respective  bars  represent  the  highest  thermal 
efficiency  (referred  to  delivered  horse-power)  reported  by  various  authorities  for 
the  different  engines 

Our  bulletin  No.  1 12  tells  you  more  about  the  De  La  Vergne  type  "FH"  oil 
engine.     It  is  sent  free  on  request. 


1123 

East   138th 

Street 


DE   LA  VERGNE 

MACHINE  COMPANY. 

We  also  build  Gas  Engines  and  Refrigerating  Machines. 


New  York 

City, 
New  York 


THE  GARVIN  MACHINE  COMPANY 


No.   \]4  Universal  Milling  Machine 
Adjustments:  20x7x18  in.     Use  Code— Aneroid 
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Manufacturers  of 
MILLING    MACHINES 

all  Styles  and 
Sizes 

SCREW  MACHINES 

MONITOR  LATHES 

FORMING    MACHINES 

CAM    CUTTING   MACHINES 

TAPPING   MACHINES 

DRILL  PRESSES 

CUTTER  GRINDERS 

HAND  LATHES 

SPRING   COiLERS 

and 

SPECIAL  MACHINERY 

SLOTTING    MACHINES 

OFFICE  AND  WORKS 

137  Varick  Street 

NEW   YORK  CITY 

Visitors  Welcome 


WHEELING  MOLD&FOUNDRYCO. 


WHEELING,  W.  VA. 


DESIGNERS  AND   BUILDERS  OF 

Steel  Works  and 
Rolling  Mill  Equipment 


SPECIAL   MACHINERY 


Hydro-Electric  and  Lock  Gate  Work 
Valves,  Frames  and 
Operating  Mechanism 


STEEL  CASTINGS — machined  or  in  the  rough 
ROLLS — chilled,  sand  and  steel 


ESTIMATES   FURNISHED  PROMPTLY 


PITTSBURGH  OFFICE 
Farmers  Bank  Building 


NEW  YORK  OFFICE 
1401  Singer  Tower 


High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   >vith    one-half 
your  labor  cost  and  steam  consumption 


1  Si 

5? 

'  I      K  il '   « 

COST  OF  REPAIRS  REDUCED 


Eliminates  Heavy  Shocks  and 
Vibration 


SINGLE  LEVER  CONTROL 

SMALL  SIZES— Single  Frame  Type 
LARGE   SIZES— Four   Column   Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 
UNITED  ENGINEERING  &  FOUNDRY  CO. 


ICANU7ACTnR£D  UNDER  DAVY  BROS.,  LTD.,  PATENTS 


2300   FARMERS'    BANK  BUILDING 


PITTSBURG,   PA. 
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HAMILTON  CORLISS 

HORIZONTAL  CRANK  AND  FLY  WHEEL 
PUMPING  ENGINES 

are  particularly  designed  for  hard  service  and  long  life  and  the  valves  are  arranged  in  the  annealed 
steel  casting  decks  in  such  mannner  that  the  flow  of  water  is  not  deflected  in  all  directions,  as  is 
necessarily  the  case  when  the  bee-hive  or  cage  system  is  used. 


Hamilton  Corliss  Engines  are  the  most  economical  steam  operated  prime  movers  known  and 
are  sold  on  their  operating  record. 

Send  for  Bulletin   "F" 

THE  HOOVEN,  OWENS,  RENTSCHLER  CO.,  Hamilton,  Ohio,  U.  S.  A. 


Compressed  Air 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 

No. 

Price 

584 

A  Note  on  Compressed  Air,  Frank  Richards 

..   $0.20 

804 

A  Pneumatic  Despatch  Tube  System,  B.  C.  Batcheller 

...     .30 

824 

New    System    of    Valves    for    Steam    Engines,    Air    Engines 
Compressors,  F.  W.  Gordon 

and 

...     .20 

894 

Test  of  an  Hydraulic  Air  Compressor,  W.  0.  Webber 

...     .10 

1015 

Air  Motors  and  Air  Hammers,  M.  H.  Wickhorst 

...      .10 

1017 
1131 

Air  Improvement    in    Valve   Motion   of   Duplex    Air   Compressor, 
S.  H.  Bunnell 10 

A  High  Duty  Air  Compressor,  0.  P   Hood 

...     .30 

1243 

Tests  on  Compressed   Air  Pumping  Systems  of  Oil   Wells,  E. 
Ivens 

M. 
...      .20 

$1.50 

Set  Complete  $1.40                                                                                            Members  rates  are 

half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 
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NASH  GAS  ENGINES 

Thousands  of  installations 
throughout  the  country  testify 
to  the  Economy,  Reliability 
and  Satisfaction  secured  from 
Nash  Gas  Engines. 

Preferred  for  over  25  years 
for  Power,  Electric  Lighting, 
Pumping  and  Fire  Protection. 

Sizes  6  to  425  H.  P. 
Operate  on  Gas,  Gasoline,  Producer  Gas,  etc. 

NATIONAL  METER  COMPANY 


Established 
1870 

Chicago 


84  CHAMBERS  STREET,  NEW  YORK  J°i^-c.Keiiey 

Boston       Pittsburgh      San  Francisco       Cincinnati        Los  Angeles 


LUNKENHEIMER 
REGRINDING    VALVES 

have  invariably  maintained  a  reputation  for 
quality  of  the  very  highest. 

The  seating  faces  can  be  reground  quite  a  num- 
ber of  times,  making  the  valve  as  tight  as  when 
new. 

All  parts  are  renewable ;  the  stuffing-boxes  can 
be  packed  under  pressure  when  the  valve  is  wide 
open,  and  the  passages  through  the  body  are  free 
and  unobstructed. 

Made  in  Medium  and  Extra  Heavy  Patterns,  for 
working  pressures  up  to  200  and  300  pounds  per  square  inch  respec- 
tively, and  in  sizes  ranging  from  i  to  4  inches. 

Your  local  dealer  can  furnish  them;  if  not,  write  us. 
Write  for  1912  catalogue. 

THE  LUNKENHEIMER  COMPANY 

Largest    Manufacturers    of    High    Grade    Engineering    Specialties    in    the    World 

General  Offices  and  Works:  CINCINNATI,  OHIO,  U.  S.  A. 


New  York, 
64-68  Fulton  St. 


Chicago, 
186  N.  Dearborn  St. 


Boston, 
138  High  St. 


London,  S.  E., 
35  Great  Dover  St. 
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Cyale) 


i  SOI. SI 


New  Profits  with 

the  New  Practice 


"T^OES  a  return  of  $100  on  an  investment  of  $250  interest  you? 

^^^  The  Book  of  Hoists  shows  how;  it  shows  how  the  in- 
dustrial world  is  solving  the  problem  of  waste;  of  eliminating 
the  idle  periods  of  men  and  machines. 

It  shows  the  new  method  of  handling  loads  on  an  overhead  track 
by  Yale  &  Towne  Electric  Hoists.  Lifting,  moving  and  lowering  are 
one  continuous  operation;  one  man  handles  twenty  tons  alone. 

A  saving  of  five  cents  an  hour  or  thirty-five  cents  a  day  or  two  dol- 
lars per  week  returns  $100  on  your  investment  of  $250. 

That  saving  is  jwssible  in  every  industry,  in  the  smallest  shops. 
It  demands  immediate  action  on  your  part.  Write  now  for  the  Book 
of  Hoists,  K-11. 

The  Yale  &  Towne  Manufacturing  Co, 

9  Murray  Street,  New  York 


THE  WIRES 

in  Roebling  Wire  Rope  are  made  from  carefully 
selected,  thoroughly  tested  metals. 

They  are  drawn  and  treated  so  as  to  develop 
to  the  fullest  extent  the  strength,  toughness  and 
pliability  required  for  high  grade  rope. 

These  wires  are  stranded  into  rope  in  accord- 
ance with  designs  proven  by  long  experience  to 
be  best  adapted  for  good  service. 

JOHN    A.    ROEBLING'S    SONS    COMPANY 

TRENTON,   N.  J. 


New  York 
San  Francisco 


Agencies  and   Branches: 

Chicago  Atlanta 

Los  Angeles         Portland,  Ore. 


Cleveland 
Seattle 
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J  ef f  rey 

Coal  and  Coke  Storage 

Equipments 

are  designed  and  built  to  meet  every 
requirement. 

Illustration  shows  a  Jeffrey  Sized  Coal 
Elevator  and  Large  Producer  Storage  Tank. 
This  outfit  complete  with  Sizer  and  Rope 
Drive  is  one  of  our  Standard  Equipments. 

We  design  and  build  complete  Coal  and 
Ashes  Handling  Systems  for  Power  Plants, 
Screens,  Crushers,  Power  Transmission 
Machinery,  Chains,  Coal  Pocket  Equip- 
ments, Etc. 

Write  or  ask  our  nearest  Branch   Office 
for  copies  of  our  latest  catalogs. 

Jeffrey    Mfg.    Co.,    Columbus,   O. 


New  York 

Boston 

Philadelphia 


Pittsburg 
Charleston,  W.  Va. 
Atlanta,  Ga. 


Birmingham 
Chicago 
St.  Louis 


Denver 
Seattle 
Montreal 


GOODRICH 

Conveyor    Belts 

"  Best  in  the  Long  Run  " 

UST  as  Goodrich  Tires  have  a  world-wide 
fame  for  being  the  "best  in  the  long  run," 
so  also  have  the  Goodrich  Conveyor  Belts  established  their  claim 
to  the  use  of  this  appropriate  motto. 

Goodrich  Conveyor  Belts   run    the    longest.     This   means 
longest  life.     Isn't  that  what  you  want  ? 

Try  our  "  Longlife  "  Brand  for  your  next  belt. 
*'Best    in    the     Long     R  u  n"  -- '*  L  O  N  G-L  I F  E*' 


The  B.  F.  Goodrich  Company^  Akron,  0. 


Largest  in  the  world 


TBADE   MARK 
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ALLIANCE  CRANES  AHTypes 

Also  Rolling 
Mill  and 
H  y  d  ra  u  1  ic 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Sr.ale  Cars,  Copper 
Converting  Machinery,  etc. 


THE  ALLIANCE  MACHINE  CO.  alliance,  ohio 

Pittsburg  Office,  Frlck  Building  Birmingham  Office,  Woodward  Building 


COMPLETE      FOUNDRY      EQUIPMENT 

For  Grey  Iron,  Brass,  Car  Wheel,  Pipe,  Steel  &  Malleable 
Casting  Plants.     Buildings  designed  and   furnished. 
Equipment  installed.     Initial    operation    con- 
ducted by  our  experts  at  moderate  charge. 
All  types  of  C  R  A  N  E  S    for  every  service 


Practical  designs 
Reliable  construction 


'i!lhdi:ir^l 


FQUNDRYEQUIPMENTCD 

HARVEY- ILL.  U.S.  A. 


Catalogs  and  full  in- 
formation on  request 


MANNING,    MAXWELL  &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


CLYDE  Hoisting  Engines 

have  steel  gears  and  ratchets.   Shafting  is 
extra  heavy  w^ith  long  bearings.    Connect- 
ing rods  have  solid   ends.     Boilers 
have  large  heating  surface. 

Large  stocks  on  hand— Ask  for  catalogue. 

^  CLYDE  IRON  WORKS,   duluth,  minn. 

CHICAGO,  ILL.  NEW  YORK  SAVANNAH 

318-19  Fisher  Bldg.        NEW  ORLEANS        HOUSTON 
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O'K.  SPEED  REDUCING  TRANSMISSIONS 

Are  made  in  ratios  van  inn  from  4:1  up  to  1000  to  1  ranKlns  from  i  to  75  HP.  They  will  be  found 
efficient,  stront;  and  tluralilc,  bcinc  entirely  incased  and  oil  tight  as  well  as  dust  and  fool  proof.    Al| 

moving  parts  run  in  the 
same  direction  and  by 
taking  power  from  three 
points  it  gives  a  well 
balanced  drive  of  great 
emergency  strength. 

Ask   for   Bulletin   E. 

Send  for  Catalog  D 
on  Cut  Gearing  and  In- 
cased Worm  Gear  Re- 
ductions. 

D.  O.  JAMES  MFG.  CO.,  1120-22  W.  Monroe  St.,  CHICAGO,  ILL. 


Power  Transmission  Appliances 

FRICTION  CLUTCH  PULLEYS 
FRICTION  CLUTCH  COUPLINGS 
FRICTION  CLUTCH  QUILLS 
FRICTION  CLUTCH  OPERATORS 
FRICTION  CLUTCH  SHEAVES 


FLOOR  STANDS 

HEAVY  MILL  BEARINGS 

SHAFT  COUPLINGS 

SHEAVES  AND  TENSION  CARRIAGES 

PULLEYS  AND  FLY  WHEELS 


FALLS  CLUTCH  and  MACHINERY  CO. 

CUYAHOGA  FALLS,   OHIO,  U.  S.  A. 
New  York  City,  206  Fulton  St.     Boston,  54  Purchase  St.    Cincinnati,  208  Elm  St. 


THE  A.  &  F.  BROWN  CO. 

ENGINEERS.     FOUNDERS,     MACHINISTS 
AND     MILLWRIGHTS 

POWER     TRANSMISSION 
MACHINERY 

DESIGNED,    FURNISHED   AND    ERECTED 

SPECIAL     MACHINERY 

IRON     CASTINGS 


Friction  Clutch  Pulleys 
and  Couplings 

WORKSi    ELIZABETHPORT 
NEW  JERSEY 


Gears  of  all  kinds 
and  sizes 

SALES    ROOM;   172    FULTON   ST., 
NEW  YORK  CITY 


No. 

820 

940 

981 

1128 

1161 

1300 


Elevators 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 

Price 

Elevator,  C.   R.   Pratt $0.50 

Elevator  Safeties,  C.  R.  Pratt 10 

Test  of  a  Hydraulic  Elevator  System,  R.  P.  Bolton 10 

Test  of  a  Plunge  Elevator  Plant,  A.  J.  Herschmann 30 

A  High-Speed  Elevator,  C.  R.  Pratt 40 

Operating  Conditions  of  Passenger  Elevators,  R.  P.  Bolton .10 

$1.50 

Members'  rates  are  half  price 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 
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WATER  TUBE,  INTERNAL  FURNACE  AND   RETURN  TUBULAR 

BOILERS 


ALL  WROUGHT  STEEL  CONSTRUCTION 

E.  KEELER    COMPANY 

EstabUshed  1864  WILLIAMSPORT,  PA. 

New  York       Boston       Philadelphia      Pittsburgh      Chicago       San  Francisco 

THE  BABCOCK  &  WILCOX  COMPANY 

85  LIBERTY  STPEET,  NEW  YORK 

Water  Tube  Steam  Boilers 

STEAM  SUPERHEATERS  MECHANICAL  STOKERS 

Works:   BARBERTON,  OHIO     BAYONNE,  N.  J. 

BRANCH   OFFICES 

BOSTON,  35  Federal  SL  PHILADELPHIA,  North  American  BIdg.  SAN  FRANCISCO,  99  Firn  Sti«« 

PITTSBURGH,  Farmers  Deposit  Bank  BWg  NEW  ORLEANS.  Shubert  Arcade  DENVER,  435  Seventeenth  Street 

SALT  LAKE  CITY,  31.3  Atlas  Block  CHICAGO.  Marquette  Bldg.  ATLANTA,  Candler  Bldg. 

CLEVELAND,  New  England  Bldg  PORTLAND.  ORE.,  Wells-Fargo  Bldg.  HAVANA,  CUBA,  116J  CaUe  de  U  Habut 

LOS  ANGELES.  American  Bank  Bldg.  SEATTLE.  Mutual  Life  Bldg.  CINCINNATI,  Traction  Bldg 


Massachusetts    Standard    Quality 

BOILERS 

Return  Tubular  Internally  Fired  Upright  and  Water  Tube 

PLATE  WORK  OF  EVERY  DESCRIPTION 

ROBB  ENGINEERING  CO.  Ltd. 

Waverly  St.,  South  Framingham,   Mass. 


jiihi^bid 


SCOTCH  BOILERS 

DRY   AND   WATER    BACK 

THE 

KINGSFORD 

WATER  TUBE  BOILER 

KINGSFORD  FOUNDRY  &  MACHINE  WORKS 
OSWEGO,  N.  Y. 
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BROWN 

PYROMETERS 

The  standard  since   1860 

THE  BROWN  INSTRUMENT  CO. 
Philadelphia,  Pa. 


York 


ew  I  or 


BRANCH  OFFICES 
Pittsburg 


Chic 


Specify  "All  Radiator  Valves  to  be  genuine 

Jenkins  Bros,  with  Diamond 

Trade     Mark" 

Specifying  these  valves  and  then  insisting  that 
our  contractor  installs  just  w^hat  is  called  for,  will 
secure  for  you  the  heaviest  radiator  valves  made. 
Highest  grade  metal  and  workmanship.  Full  open- 
ing. All  parts  renewable.  Can  be  packed  under 
pressure. 
JENKINS   BROS.        newyork       boston       Philadelphia       Chicago 


NEW  TYPES  OF  BRISTOL'S  CLASS 
I    RECORDING    THERMOMETERS 

are  illustrated  and  listed  in  new  24-page  Catalog 
No.  1100  which  is  just  off  the  press. 

New  48-page  Catalog  No.  1200  on  Bristol's 
Class  II  Recording  Thermometers,  also  just 
printed. 

Write  for  Catalogs    No.   1100  and  No.   1200. 
THE    BRISTOL    CO.,  WATERBURY,    CONN. 


'Y\/^RITE    for  a  copy  of  our 
booklet    entitled    "The 
Modern  High  Speed  Automatic 
Engine,"  which  describes 

The  American    Ball  Angle 
Compound  Engine 


AMERICAN   ENGINE    COMPANY 

42  RARITAN  AVE..         BOUND  BROOK,  N.  J. 
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simplex  not  Duplex 
"To  be  simple 
is  to  be  great" 


Compound  Packed  Plunger  Pump. 


Steam  and  Power  Pumping  Machinery 

For  every  service 

American  Compound  Pumps  work- 
ing on  Elevator  or  Water  Works 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable 
and  ready  to  work  with  the 
Governor. 

Our  No.  18  Catalogue  goes  into  detaiU. 


American  Steam  Pump  Company, 


Battle  Creek,  Mich. 
U.  S.  A. 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all  Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &HUBBELL,  Agents,  61-69  N.Jefferson 

Street,  Chicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 

New  York  Office,  139-41  Cortlandt  Street 


The  Goulds  "Pyramid"  Piston  Pump 


For  all  services  requiring  from 
112  to  114  gallons  per  minute 
at    elevations    up    to    175    feet 

Ask  for  bulletin  No.  110 

TiH^  ©©yiLPS  ^^^^^ 

lUaiRglgT  KIIFlL.©r  [p^(y|  [Jvtj  P^^  F@ia  [EVERY  gl! 
78  W.  Fall  St.,  SENECA  FALLS,  N.  Y. 


THE  SLIP  OF  PUMPING  ENGINES 

may  increase  materially  without 
being  suspected.  The  VENTURI 
METER  furnishes  a  daily  check 
upon  pump  performance. 

Bulletin  No.  73  enlilled  "Slip  oj  Pumping  Engines"  will  be  sent 
on  request. 

BUILDERS  IRON  FOUNDRY,  Providence,  R.  I. 
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INDIVIDUAL  SANITARY  WASH  BOWLS 


Arranged  In  Single  or  Double 
Batteries,  of  Practically  Any 
Number  of  Bowls: — 

Hot  and  Cold  or  Cold  Water 
Only.  Plain  Nozzle,  Self- 
Closing  or  Compression 
Bibbs:— 

Plain  Cast  Iron,  Galvanized 
Iron  or  Vitrified  Porcelain 
Enameled  Iron  Bowls. 


Send  for  complete  catalog  of  our  full  line  of  all  metal  Shop  and  Factory 
Bqulpment,  Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved 
Stools,  Work  Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 

MANUPACTURINO     EQUIPMENT   &   ENGINEERING   COMPANY,     BOSTON,    MASS^ 


^^A. 


STANDARD  ROLLER 
THRUST     BEARINGS 

are  operating  successfully 
under  a  load  of  2,250,000 
pounds  at  100  R.  P.  M. 
Also  extensively  used  in 
hydro-electric    plants 

Send    for     literature 


Standard  Roller  Bearing  Co. 


Philadelphia,  Pa. 


OLDEST  ON 
THE  MARKET 


Trade 


\C  /Mark 


REGISTERED 


STILL  LEADS 
THE  FIELD 


If  you  want  taps  that  make  tapping  easy  and  always  do  accurate 
and  economical  work,  you  should  get 

CARPENTER'S  MACHINE  SCREW  TAPS 

They  are  of  A-1  Quality.    Guaranteed  Xor  accuracy  and  durability — by  maker  and  dealer. 

J.  M.  CARPENTER  TAP  AND   DIE  CO.,  Pawtucket,  R.  I. 


WE   SPECIALIZE 

We  concentrate  our  entire  attention  on  valves  and  hy- 
drants and  do  not  have  a  line  of  miscellaneous  sundries 
such  as  fittings,  boiler  trimmings,  etc.,  to  divide  our 
interests.     Thus  we  can  give  valves  particular  attention. 

The  result  of  this  concentrated  effort  is  shown  in  Ken- 
nedy Valves — it  shows  in  their  design,  workmanship 
and  finish. 

THE  KENNEDY  VALVE  MFG.  CO. 

Main  Office  and  Worb.  1028  E.  Wafer  St..  ELMIRA.  N.  Y. 
Branch  Office  and  Warehouse.  45  Beekman  St..  NEW  YORK  CITY. 

Agencies,  660  Western  Union  Bldg.,  Chicago,  111. 
262  Market  St.,  San  Francisco,  Cal. 
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ENGINEERING  SCHOOLS  and  COLLEGES 


NEW  YORK  UNIVERSITY 
SCHOOL   OF   APPLIED   SCIENCE 

Departments  of  Civil,  Mechanical  and  Chem- 
ical Engineering. 

For  announcements  or  information,  address 

Charles  Henrt  Snow,  Dean, 

UNIVERSITY  HEIGHTS.  N.  Y.  CITY. 


TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insuflScient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.   G.   C.   Anthony,   Dean, 

TUFTS  COLLEGE  P.  O.,  MASS. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Course  in  Mechanical  Engineering, 
Evening  Post-Graduate  Courses.  Fred.  W. 
Atkinson,  Ph.  D.,  President;  W.  D.  Ennis, 
Member  A.  S.  M.  E.,  Professor  Mechanical 
Engineering. 


THE  RENSSELAER 
POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO. 


BERT  L.  BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 

Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,  Plants  and  Equip- 
ments of  same. 

Perin  Building,  CINCINNATI,  OHIO 


F.  W.  Dean      H.  M.  Haven      Wm.  W.  Crosby 

Members  A.  S.  M.  E. 

F.  W.  DEAN,  INC. 

Mill  Engineers  and  Architects, 

Exchange  Building,  53  State  St., 

BOSTON.  MASS 


ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests   of   Electrical    Machinery,    Apparatus 
and  Supplies.    Materials  of  Construction,  Coal, 
Paper,  etc.     Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
80th  Street  and  East  End  Avenue. 

NEW   YORK   CITY. 


FORD,  BACON  &  DAVIS 

Engineers 


115  Broadway 
NEW  YORK 


New  Orleans 


San  Francisco 


CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect 

201  Devonshire  Street,         BOSTON,  MASS. 


SPECIAL  RATES 

Will  be  quoted  on  request  for 
Vrofessional  Cards 
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MACHINE    SHOP    EQUIPMENT 


MACHINE    SHOP    EQUIPMENT 


BUTTERFIELD  &  CO. 

Derby  Line,  Vt.       New  York,  120  Chambers  St.     Rock  Island,  P.  Q. 

JManufacturers  of  Taps,  Dies,  Screw  Plates,  Stocks  and  Dies,  Tap 
Wrenches,  and  all  Thread  Cutting  Tools.  Our  goods  are  not  surpassed  by 
any  in  tlie  world. 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  ])ro- 
duets  include:  Grinding  Wheels  for  every  possible  grinding  need,  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carboruiuhun  Cirains  an<l  Powders,  and  CJarnet  Paper. 


THE  J.  :M.  carpenter  tap  &  DIE  CO. 

PAWTUCKET,  R.  I. 

Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw 
Plates,  Dies  and  Stocks,  Taji  ^^'renches,  etc.,  have  been  38  years  on  the 
market  and  38  years  in  the  lead. 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the  fastest 
machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


THE  GARVIN  MACHINE  COMPANY 

137  Varick  St.  NEW  YORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cutter 
Grinders,  Automatic  Chucks,  etc. 


THE  HEALD  IMACHINE  COMPANY 

WORCESTER,  MASS. 


Manufactm-ers   of   Grinding  Machines. 
Grinders,  Surface  Grinders.  Drill  Grinders. 


Internal  Grinders,    Cylinder 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1276c.  Mechanical  Features  of  Electric  Driving  in  Machine  Shops:  J.  Riddell, 
price  $0.20;  No.  1180.  Power  Transmission  by  Friction  Driving:  W.  F.  M.  Goss,  price 
$0.30;  No.  859.  Efficiency  of  Electric  Transmis.sion  in  Factories  and  Mills:  W.  S.  Aldrich, 
price  $0.20;  No.  969.  The  Use  for  Surveying  Instrument  in  Machine  Shop  Practice:  C. 
C.  Tyler,  price  $0.20. 
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INGERSOLL-llAND  COMPANY 


11  Broadway 


NEW  YORK 


Air  Compressors,   twenty  standard   types,   capacity    8   to  8000   cu.   ft.   per  minv:te; 
rown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
to  5  tons. 


[•apacity 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartne.ss  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 


Vertical  Turret  Machines,  28"  and  34". 
Machines,  42"  to  84",  inclusive. 


Vertical  Boring  and  Turning 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines.  They 
are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool. 
It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MANNINCx,  MAXWELL  &  MOORE,  Inc. 

SINGER  BUILDING,  NEW  YORK 

Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
workl  and  carry  in  stock  the  i)roduct  of  the  foremost  designers  of  the  many 
Ijranches  of  machine  tool  buikling  in  the  United  States. 


MANUFACTURING  EQUIPMENT  &  ENGINEERING  CO. 

BOSTON,  MASS. 
We  manufacture  a  full  line  of  all  metal  Shop  and  Factory  Equipment, 
Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved  Stools,  Work 
Benches,  Stock  Racks,  Sanitary  Drinking  Foimtains,  etc. 


THE  NEW  PROCESS  RAW  HIDE  CO. 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1230.  Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth,  price  $0.50;  No. 
1313.  Milling  Cutters  and  their  Efficiency:  A.  L.  DeLeeuw,  price  $0.30;  No.  1083. 
Belt  Creep:  W.  W.  Bird,  price  $0.10;  No.  1291.  Symposium  on  High  Speed  Tools:  H.  I. 
Brackenbury,  and  Discussion,  price  $0.70. 
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MACHINE   SHOP   EQUIPMENT 


^^Al;^^A^^  isiaciiixk  works 

A\  ALTllAM,  MA8S. 

Our  Bondi  Latlies  swiiiK  S",  will  take  I"  rod  through  the  cluick  and  the  workmanship 
is  of  the  liighest  watch  niaohiiic  standard.  It  is  a  necessity  in  the  niodern  tool  room.  Cata- 
log for  those  intere.sted.    Also  makers  of  Automatic  Precision  Bench  Machinery. 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 
BRANCH  OFFICES:  NEW  YORK  CHICAGO  DETROIT 

We  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  producing  work  accu- 
rately, rapidlx-  and  economically.  Our  catalog,  which  describes  these  machines  fulb',  will 
he  mailed  on  request. 


WELLS  BROTHERS  COMPANY 

GREENFIELD,  MASS. 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting 
Tools  and  Machinery. 


PRECISION 

BENCH 

LATHES 


TURRET 
LATHES 


TAPS  AND 
DIES 


FOUNDRY    EQUIPMENT 


INGERSOLL-RAND  COMPANY 

11  Bro.\d\vay  new  YORK 

"Crown"  Sand  Rammers,  floor  and  bench  types;  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  J  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  S  to  SOOO  cu.  ft.  per  minute. 


MUIMEORD  MOLDING  MACHINE  CO. 

30  Church  St.,  New  York  2014  Fisher  Bldg.,  Chicago,  111. 

Plain  Power  Squeezing  Machines  Split  Pattern  Vibrator  Machines 

Jolt  Ramming  Machines  Pneumatic  Vibrators 


J.  W.  PAXSON  CO. 

Pier  45  North  PHILADELPHIA,  PA. 

Manufacturers  and  engineers.  Complete  Foundry  Equipment.  Cu- 
polas, Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Sy,stems.  Foundry 
Buildings  designed,  Foundry'  Sand,  etc. 


WHITING  FOUNDRY  EQUIPMENT  CO. 

HARVEY,  ILL. 

Manufacturers,  Engineers  and  Designers  of  complete  equipment  for  grey  iron,  brass, 
car  wheel,  pipe,  steel  and  malleable  foundry  plants,  and  Cranes  of  all  kinds  for  every 
service.     Buildings  designed  and  furnished;  equipment  installed  and  operated. 
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H.  &  F.  M.  ROOTS  CO. 

COXNERSVILLE,  IND. 


Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for  vacuum 
cleaning,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps.  Positive  Pressure  Gas 
Exhausters.     High  Pressure  Gas  Pumps.     Flexible  Couplings. 


RUGGLES-COLES  ENGINEERING  CO. 

McCoRMicK  Bldg.,  CHICAGO  Hudson  Terminal,  NEW  YORK 

Dryers.    Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


B.  F.  STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to  force  or  exhaust  air  under  all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.  Consulting  representatives  in  or  near  yoiu-  city. 
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MACKINTOSH  HEMPHILL  &  CO. 

PITTSBURGH,  PA. 

Engines,  single  and  compound,  corliss  reversing  and  blowing.     Roll- 
nd  Hydraulic  Machinery  of  all  kinds.     Shears,  Punches,  Saws, 


ing  Mill 

Coping  Machines. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  I-armers'  Bank  Bklg.  PITl\SBrRG,  PA. 

Manufacturers  of  High-Speed  Steam  Hydraulic  Forging  Presses. 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Pressing. 
100  to  12,000  tons  capacity. 


WIIEELINCi  MOLD  &  EOI'NDRY  CO. 

Pittsburgh,  Pa.  WHEELING,  W.  VA.  New  York,  N.  Y. 

Designers  and  Builders  of  Steel  Works  and  Rolling   Mill   Equipment. 
Steel  Castings  machined  or  in  the  rough.     Chilled,  Sand  and  Steel  Rolls. 


26 


PUMPS     AND     HYDRAULIC     TURBINES 


PUMPS  AND   HYDRAULIC  TURBINES 


a:\ierican  steam  pump  company 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  Anieripan  Steam  and  Power  Pumping  Machinery. 
The  valxo  motion  is  designed  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
expenses,      f.iterature  upon  reriuest. 


M.  T.  DAVIDSON  CO. 

43-53  Keap  8t.,  BROOKLYN,  N.  Y. 
New  York:  154  Nassau  St.  Boston:  30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.    Surface  and  Jet  Con- 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  municipal 
water-worlvs,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed  pumps, 
chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and  hand  pumps 
of  every  kind. 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  \\'heel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


J.  &  W.  JOLLY,  Inc. 

HOLYOKE,  MASS. 

McCormick  Holyoke  Turbines  designed  to  suit  Mill  or  Hydro-Electric 
Work.     Paper  Mill  Machinery,  Shafting,   Gearing,   Pulleys  and  Freight 

Elevators. 


MORRIS  MACHINE  WORKS 

BALDW^INSVILLE,  n.  y. 
IManufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Marine  Engines. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  381.  Standard  Method  of  Conducting  Duty  Trials  of  Pumping  Engines:  Com- 
mittee Report,  price  $0..30;  No.  1144.  Balancing  of  Pumping  Engines:  A.  S.  Nagle,  price 
$0.10;  No.  1110.  Development  of  Water-wheel  Governor:  M.  A.  Replogle,  price  $0.20; 
No.  1113.     Turbine  Design  as  Modified  for  Close  Regulation:  G.  A.  Bovinger,  price  $0.10. 
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ALMY  WATER  TUBE  BOILER  (  O. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river 
steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey 
Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERK 

AN 

ENGINE 
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42 
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Builders 
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000  h.  p. 
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THE  BABCOCK  &  WILCOX  COMPANY 

8.^  Liberty  Street,  NEW  YORK 

^^'ater  Tube  Steam  Boilers,  Steam  Superheaters,  IVIechanical  Stokers. 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with  non- 
detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Build(>rs  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.   Buckeye  Four-Stroke  Cycle  Gas  Engme,  single  and  double-acting, 
in  powers  from  50  to  GOOO  h.  p. 


ERIE  CITY  IRON  WORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tub\ilar,  water  bottom  portable, 
open  bottom  portable,  vertical  tubidar  and  vertical  water  tube.  Engines:  Erie  City 
"Lentz,"  four  valve,  enclosed  high  speed,  automatic,  center  crank,  side  crank,  portable  and 
Feed-Water  Heaters  from  25  to  600  h.p. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1081.  Counter  Weights  for  Large  Engines:  D.  S.  Jacobus,  price  $0.20;  No.  1329. 
Strain  Measurements  of  Some  Steam  Boilers  under  Hydrostatic  Pressure:  J.E.Howard, 
price  $0.30;  Xo.  1298.  Combustion  and  Boiler  Efficiency;  E.  A.  Uehling,  price  $0.30;  No. 
130S.     Oil  Fuel  for  Steam  Boilers:  B.  K.  T.  Collins,  price  S0.20. 
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STEAM   ENGINES  AND   BOILERS 


IIAIUUSBT  R(.  FOUNDRY  &  IVIAC  HTNE  WORKS 

IIAIUUSBUKC;,  PA. 

Manufacturers  of  Flciuiiig-lIaiTisburp;  Horizontal  Engines,  Corliss  and 
Single  \'alve,  Simple,  Tandem  and  CrosH  Compound. 


THE  HOOVEN,  O^YENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO 

Manufacturers  of  Hamilton  Corliss  Engines.  Hamilton  High  Speed 
Corliss  Engines,  High  Duty  Pumping  Engines,  Power  Pumps  and  Com- 
])ressors,  Special  Heavy  Castings. 


E.  KEELER  COMPANY 

WILLIAMSPORT,  PA. 

Water  Tube,  Internal  Furnace  and  Return  Tubular  Boilers.     Self- 
SupiH)rting  Stacks,  Feed  Water  Heaters. 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS 

OSWEGO,  NEW  YORK 
Scotch  Boilers,  Dry  and  Waterback;  also  Improved  Manning  Vertical 
Boilers,  and  Special  Boilers  for  Steam  Heating. 


MESTA  MACHINE   CO. 

PITTSBURGH,  PA. 
Complete  Power  Plant  Equipment;  Gas  and  Steam  Engines;  Con- 
densers; Air  Compressors;  Power  Transmission  Machinery. 


ROBB  ENGINEERING  CO.,  LTD. 

Waverly  St.,  SOUTH  FRAMINGHAM,  MASS. 

131  State  St.,  BOSTON  90  West  St.,  NEW  YORK 

Robb-Brady  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


THE  VILTER  MFG.  CO. 

1070-1088  Clinton  St.  MILWAUKEE,  WIS. 

Established   1S67 

Builders  of  Corliss  Engines,  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or  Direct- 
Connected  Service,  medium  or  high  speed.     Ice  and  Refrigeration  Machines. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1071.  Influence  of  the  Connecting  Rod  Upon  Engine  Forces:  S.  A.  Moss,  price 
80.10;  No.  922.  Effect  of  Clearance  on  Economy  of  Steam  Engine:  A.  Kingsbury,  price 
SO.IO;  No.  873.  Comparison  of  Rules  for  Calculating  the  Strength  of  Steam  Boilers: 
n.  de  B.  Parsons,  price  $0.10;  No.  819.  Boiler  and  Furnace  Efficiency:  R.  S.  Hale,  price 
$0.30. 
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WEIMP]R  MACHINE  WORKS  COMPANY 

LEBANON,  PA. 

Builders  of  Blast  Furnafe  Blowing  engines  and  equipments.  Cinder 
and  hot  metal  cars.  Furnace  Bells  and  Hoppers.  Rolling  Mill  castings. 
Special  attention  paid  to  quick  repair  work  and  work  governed  by  En- 
gini'ci-s'    s])ecifications. 


THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 
Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


OIL   AND    GAS    ENGINES  AND  GAS  PRODUCERS 
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DE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity; 
Oil  Engines  up  to  360  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 
123  MoTT  St.,  NEW  YORK 

Oil  Engines,  Marine  and  Stationary,  2-400  h.p.,  150,000  h.p.  in  opera- 
tion. Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capalile  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  H.  P. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


THE  SMITH  GAS  POWER  CO. 

LEXINGTON,  OHIO 

Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure 
types.  Mechanically  Operated  Gas  Producers  in  large  units  for  power  and 
heating  plants.     Tar  E.xtractors  and  Gas  Cleaning  Plants. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No  1330.  Symposium  on  Oil  Engines:  H.  R.  Setz  and  F.  M.  Towl,  Discussion,  price 
$0.50;  No.  1337.  Design  Constants  for  Small  Gasolene  Engines:  W.  D.  Ennis,  price  $0.10; 
No.  S41  X.  A  Regenerator  Cjcle  for  Gas  Engines  Using  Subadiabatic  Expansion:  A.  J. 
Frith,  price  $0.90;  No.  123S.     Marine  Producer  Gas  Power:  C.  L.  Straub,  price  $0.20. 
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POWER    PLANT  AUXILIARIES    AND    SPECIALTIES 


AMERICAN  BALANCE  VALVE  CO. 

JERSEY  SHORE,  PENNA. 

We  make  Balanced  Slide  and  Piston  Valves  for  Manufacturers  of 
Steam  Engines,  also  for  Old  Power  Equipment,  from  Steam  Pumps  to 
Battleships.     Write  us. 


AMERICAN   STEAM   GAUGE   AND   VALVE  MFG.  CO. 
BOSTON,  MASS.  Established  1851 

Pressure  and  Recording  Gauges,  Engine  Room  Cloclis  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive 
use.     The  American  Thompson  Improved  Indicator  with  new  improved  detent  motion. 


BOSTON 


THE  ASHTON  VALVE  CO. 

NEW  YORK 


CHICAGO 


Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  Valves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction. 


w. 

N. 

BEST 

11 

Broadway 

NEW  YORK  CITY 

Apparatus 

for  and  technical  information  relative  to  all  forms  of  liquid 

fuel  equipment 

THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  Recording  Pressure  and  Vacuum  Gauges.  Bristol's  Recording  Thermometers. 
The  Wm.  H.  Bristol  Electric  Pyrometers.  Bristol's  Recording  ^'oltmeters,  Ammeters 
and  Wattmeters.  Bristol's  Recording  Water  Level  Gauges.  Bristol's  Time  Recorders 
and  Bristol's  Patent  Steel  Belt  Lacing. 


THE  BROWN  INSTRUMENT  CO. 

Established  1860  PHILADELPHIA,    PA. 

Manufacturers  of  the  Brown  Pyrometers,  the  first  to  be  manufactured  in  this  coun- 
try, and  having  the  largest  sale  today.  Also  manufacturers  of  Thermometers,  speed  in- 
dicators and  Recorders,  Voltmeters,  Ammeters  and  kindred  instruments. 


CHAPMAN  VALVE  MAN!  FACTURING  CO. 

INDIAN  ORCHARD.  MASS. 

BOSTON       NKW  YORK       ST.   LGCIS       PITTSBURGH       CHICAGO       PHILADELPHIA        SAN  FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.    Sluice  Gates. 
Send  for  catalogue. 


VALVES 

SLIDE  AND 
PISTON 
DISTRIBU- 
TION 


VALVES 

GAUGES 

INDICATORS 


VALVES 
GAUGES 


OIL   AND  TAR 
BURNERS 

FURNACES 


RECORDING 
GAUGES 
AND 

INSTRU- 
MENTS 


PYROM- 
ETERS 

THER- 
MOMETERS 

TACHOM- 
ETERS 


VALVES 
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AIR 

COMPR  ESS- 

ORS 

PNEUMATIC 

BOILER 

SCALERS 


SOOT 

BLOWER 

SYSTEMS 


LUBRICATION 
PUMPS 


VALVES 


valve5 

STEAM 
TRAPS 

SEPARA- 
TORS 

REGULA- 
TORS 


AIR 

COMPRESS- 
ORS 

AIR  TOOLS 
AND   HOISTS 


VALVES 

PACKING 
DISCS 


PAPERS 

ON 

POWER 

PLANT 

SPECIALTIES 


THOS.  H.  DALLET T  CO. 


York  and  23rd  Sts. 


PHILADELPHIA,  PA. 


ManufacUiifTs  of  a  complete  line  of  Air  Compressors,  suitable  for  high-class  instal- 
l.'illdiis.  lOiiuippcd  with  special  "Silent"  inlet  and  discharge  valves.  Also  Pneumatic 
Hoiler  .Sealers  for  cleaning  boiler  sheets,  drums,  condensers,  etc.     Send  for  literature. 


DIAMOND  rcnVKR  SPECIALTY  C()]\1PAXY 

70  First  St.,  DETROIT 
1534  Monroe  Bldg.  Bourse  Bldg.  702  Singer  Bldg.         Suite  24—19  Pearl  St. 

CHICAGO  PHILADELPHIA  NEW  YORK  BOSTON 

Mechanical  Systems  for  cleaning  Soot  from  heating  surfaces  in  all  stand- 
ard makers  of  Boilers.      Snot  BInwcrs  for  all  Standard  BoihrK. 


HILLS  McCANNA  COMPANY 

L5;j  \\'.  KiNZiE  St.  CHICAGO,  ILL. 

Force  Feed  Lubrication  Pumps  made   in   any   lumiber   of   Feeds   or 
Compartments. 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Works:  HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufactiu-ers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Fotu'-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Piunp  Regulators,  Separators,  Steam  Traps,  Automatic  Stop  and  Cheek  Valves.  Write 
for  complete  catalogue. 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  ^2  to  5  tons. 


JENKINS  BROS. 

NEW  YORK  BOSTON  PHILADELPHIA  CHICAGO 

Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 
Jenkins  '96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing. 
Sole  agents  ftjr  Sellers'  Restarting  Injector.     Catalog  mailed  on  retiuest. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1288.  Improved  Absorption  Dynamometer:  C.  M.  Garland,  price  $0.10;  No.  1287. 
Experimental  Analysis  of  a  Friction  Clutch  Coupling:  W.  T.  Magruder,  price  $0.20;  No. 
S  43  X.  Automatic  Control  of  Condensing  Water:  B.  Viola,  price  $0.10;  No.  S  26  X. 
Air  Leakage  in  Steam  Condensers:  T.  C.  McBride,  price  $0.20. 
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ROBERT  A.  KEASBEY  CO. 


100   \.   MooKi:  St. 


NEW  YORK  crrv 


Telephone:    6097  ]'"raiiklin 


Heat  and  ( 'old  liisulatins  Matorials.    Hcachiuarters  for  85%  Magnesia 
Asbestos  ami  Brine  Pipe  Coverinj!;s,  Asbestos  Produets,  etc. 


THE  XEXXEDY 

^ALVE 

MANUFACTURING 

CO, 

ELMIRA,  N.  Y. 

57  Beekman  St. 

NEW  YORK 

Muiuifacturers  of  Valves  for  various  purposes  and 
tlrants;  Indicator  Valves  for  Automatic  Sprinkler  Equipm 

pressures 
ent. 

;  Hy- 

THE  LUDLOW  VALVE  MFG.  CO. 

TROY,  N.  Y. 
Manufacturers   of  genuine   Ludlow   Gate   Valves   for   all   purposes. 
Special   Blow-off  Valves.     Check  Valves.     Foot  Valves.     Sluice  Gates. 
Indicator  Posts.     Fire  Hydrants. 


THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

Manufacturers  of  high-grade  engineering  .specialties,  comprising  Brass  and  Iron 
\'alve.s,  Whistles,  Coclvs,  Gauges,  Injectors,  Lubricators,  Oil  Pumps,  Oil  and  Grease  Cups, 
etc.,  adapted  to  the  requirements  of  all  classes  of  machinery. 


MONARCH  VALVE  &  MANUFACTURING  CO. 

39  CoRTLANDT  St.,  NEW  YORK  SPRINGFIELD,  MASS. 

Manufacturers  of  Bronze  and  Iron  Bodied  Valves  for  various  pressures 
and  purposes. 


MOREHEAD  MANUFACTURING  CO. 

DETROIT,  MICH. 

Return,  Non-Return,  Vacuum  and  Condenser  Steam  Traps.  The  Morehsad  Tilting 
Steam  Trap  is  the  original  design  of  tilting  trap,  having  been  on  the  market  for  a  quarter 
of  a  century.  For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself. 
Illustrated  descriptive  catalog  sent  on  recjuest. 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 
Founded  1878  Inc.  1904 

Builders  of  The  Murphy  Automatic  Furnace.     The  best  Automatic 
Furnace  that  thirty  years  practical  experience  can  produce. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1236.  A  New  Transmission  Dynamometer:  W.  H.  Kenerson,  price  .SO. 10;  No.  1106. 
A  Low-Resistance  Thermo-Electric  Pyrometer  and  Compensator:  W.  H.  Bristol,  price 
•S0.30;  No.  1064.  The  Bursting  of  P"our-foot  Fly-wheels:  C.  H.  Benjamin,  price  SO. 10;  No. 
S  30  Xa.    Efficiency  Tests  of  Lubricating  Oils:  F.  H.  Sibley,  price  $0.10 


MAGNESIA 

ASBESTOS 

AND 

BRINE    PIPE 

COVERINGS 
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VALVES 

BLOW-OFF 
VALVES 
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GOVERNORS 


SUPER- 
HEATERS 


WATER 
SOFTENING 

PURIFYING 
AND 

FILTERING 
SYSTEMS 

INJECTORS 

CONDENS- 
ERS 

VALVES 

ENGINE 
STOPS 


INJECTORS 

AND 

OIL  PUMPS 


INSTRU- 
MENTS 


LUBRICAT- 
ING 
OILS 


PAPERS 
ON 

POWER 
PLANTS 


THP:  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 

Governors   for   Steam   Engines,   Turbines,    Gas   Engines.     Mechanical 
Conti'ol  Power  Regulation. 

Sec  Inline  111  of  Condensed  Catalogues  of  Mechanical  Equipment. 


POWER  SPECIALTY  CO. 

Ill  Broadway 

NEW  YORK 

The  Foster  Patent  Superheater,  saves  feed  water, 

condensing  water, 

coal  and  boiler  power. 

WM. 

B. 

SCAIFE  & 

SONS 

COMPANY 

221 

First  Ave., 

PITTSBURG, 

PA. 

WE-FU-GO 

and 

SCAIFE  Water 

Softenin 

g.  Purifying  and  Filt 

ering 

Syst 

ems  for  boiler  feed  water  and  all  industrial 

and  domestic  purpos 

es. 

SCHUTTE  &  KOERTING  CO. 

1229-57  N.  12th  St.  PHILADELPHIA,  PA. 

Injectors,  Syphons,  Eductors,  Furnace  Blowers,  Exhausters,  Pump  Primers,  Con- 
densers, Spray  Cooling  Nozzles;  Valves;  Small  Brass  and  Iron  Bod^-,  Open  Hearth  Steel- 
Stop,  Stop  Cheek,  Emergency  Stop  Check,  Trip,  Throttle  Trij),  Engine  Stops,  Steam 
Traps,   Feed   Water   Heaters,  etc. 


SHERWOOD  MANUFACTURINC;  CO. 

BUFFALO,  N.  Y. 

Twenty-five  years'  experience  manufacturing  the  Sherwood  Double  Tube  Injectors 
for  high  duty;  Buffalo  Automatic  Injectors;  also  makers  of  the  Hart  Force  Feed  Oil  Pump 
for  Steam  Engines;  Buffalo  Force  Feed  Multiple  Oil  Pumps  for  Gas  and  Casoline  Engines; 
Oil  Cups,  etc.      Catalog  on  applicaticjn. 


C.  J.  TAGLIABUE  MFG.  CO. 

;i2  THIRTY-THIRD  ST.  BROOKLYN,  N.  Y. 

Local  Sales  Offices  in  Chicago  and  San  Francisco 
Manufacturers  of  Instruments  for  Indicating,  Recording  and  Controlling  Tempera- 
ture and   Pressure.      Thermometers;  Automatic  ControUi-rs;   Cages;  Oil  Testing  Instru- 
ments; lOngineers'  Testing  Si-ts,  Pyrometers,  Baroiueters,  llvgronieters,  Hvdrcmeters,  etc. 
.s',f  our  Condenocd  Cal<do<jur 'in  April  101 1    nini.brr  of  The  J.n,i,i,d. 


THE  TEXAS  COMPANY 

NEW  YORK  HOUSTON 

Lubricating  Oils  for  Power  Plants,  Central  Stations,  Machine  Shops, 
Foundri(>s  and  all  general  jHirposes.  All  classes  of  Petroleum  Products  of 
the  highest   quahty. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  S  107  X.  The  1912  U.  S.  Standard  Schedule  of  Standard  Weight  and  Extra  Heavy 
Flanged  Fittings:  Corn-report,  price  .fO.lO;  No.  1297.  Transmission  of  Heat  in  Surface 
Condensation:  G.  A.  Orrok,  price  $0..50;  No.  1259.  Cooling  Towers  for  Steam  and  Gas 
Power  Plants:  ,T.  K.  Bibbins,  price  $0  40;  No.  1072.  Condensers  for  Steam  Turbines:  G.  I. 
Uockwood,  price  .S0.20. 
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^YHKELER  C0NDENS1:R  &  ENG.  CO. 

iMain  Officio  and  Wouks:   CARTERET,  N.  J. 

Surface,  Jet  and  Baronu'trio  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Coolinj;  Towers,  Kdwards  Air  Piiiniis,  Centrifugal  Pumps,  Rotative  Dry 
\'aeuum  Pumi)S  and   Multiple  lOfl'eet  and  Evaporating  Maehinery. 


NEW    YORK 


C.  H.  WHEELER  MFG.  CO. 

PHILADELPHIA,  PA. 

BOSTON  CHICAGO 


SAN    FRANCISCO 


Maiuifat'turers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Ft'C'd-^^'at  er  H eat er.s,  Water  Coolinp;  Towers,  Boiler  Feed  and  Pressure  Pumps. 


CONDENS- 
ERS 

PUMPS 

COOLING 
TOWERS 


CONDENS- 
ERS 

COOLING 
TOWERS 
FEED-WATER 
HEATERS 


HOISTING   AND    CONVEYING    MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper- 
Converting  Machinery,  etc. 


THE  BROWN  HOISTING  MACHINERY  CO. 

New  York  CLEVELAND,  O.,  U.  S.  A.  Pittsburg 

Designers  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Hoisting  Machinery  of  all  descriptions.  Also  fVrroinclave  for  reinforced  con- 
crete roofing. 


H.  W.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.  Helicoid 
and  screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 
and  drives,  sprocket  wheels  and  chain,  buckets,  belting,  shafting  and  bearings. 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 
Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 
Manufacturers  of  Electric   and   Belt  Power  Passenger  and   Freight 
Elevators,  Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  (clutch  Pulleys. 
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AND 
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THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.    The  Goodrich  "Longhfe" 
"Maxecon"   and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  tlian  anv  other  belt  made. 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Mar-hinery;  Coal  and  A.shes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples. 
Coal  Washeries,  Loeomotives,  Coal  Cutters,  Drill.-:,  etc.  Complete  Coal  ATine  Equip- 
ments. 


LIDGERWOOD  MFG.  CO. 


96  Liberty  St. 


NEW  YORK 


Hoisting  Engines — steam  and  electric,  for  every  usetof  the  contractor,  miner,  ware- 
houseman, railroads,  shipowners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists.  Cable- 
ways  for  hoisting  and  conveying.  Marine  Transfer  for  coal  and  cargo  handling. 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for  every  purpose;  all  accessories;  Power 
Transmission  Machinery. 


MEAD-MORRISON  MANUFACTURING  CO. 

NEW  YORK  BOSTON  CHICAGO 

Coal-Handling  Machinery,  Hoisting  Engines,  complete  Discharging  and  Storage 
Plants,  Cable  Railways,  Marine  Elevators,  McCaslin  and  Harrison  Conveyors,  Steam, 
Electric,  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
Locomotive  Derricks,  Suspension  Cableways. 


THE  MORGAN  ENGINEERING  CO. 

ALLIANCE,  OHIO 

Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.  We 
also  design  and  build  Steel  Plants  com]:)lete,  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  jSIill  and  Special  Machinery. 


ROBINS  CONVEYING  BELT  COMPANY 

Thomas  Robins,  Pres.  C.  Kemble  Baldwin,  Chief  Engr.,  13  Park  Row,N.Y. 

The  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of 
conveying  machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal  and 
similar  materials  under  the  most  trying  conditions  of  service.     Correspondence  invited. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1235.  Automatic  Feeders  for  Handling  Material  in  Bulk:  C.  K.  Baldwin,  price 
80.10;  No.  1234.  A  Unique  Belt  Conveyor:  K.  C.  Soper,  price  .SO. 10:  No.  1300.  Operating 
Condition  of  Passenger  Elevators:  R.  P.  Bolton,  price  .$0.20:  No.  1161.  A  Highspeed 
Elevator,  C.  R.  Pratt,  price  $0.40;  No.  S52X.  Mechanical  Handling  of  Freight:  S.  B. 
Fowler,  price  f0.20. 
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JOHN  A. 

HOEBLINGS  SONS  (  OMPANY 

THKXTOX,  X.  J. 

Manulacturcrs 

of    lion.    Steel   and   ( '()])])er   Wire   Rope,   and    Wire   of 

every  description. 

SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.    Gantries.     Wharf  Cranes.    Rail- 
road Wrecking  Cranes.    Mono-Ilail  Systems.     Electric  Motor  Controllers. 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 

TOLEDO,  OHIO 
"i'oledo  Cranes  and   Hoists;   Coal  and  Ore  Handling  Bridges;  Grab 
Bupket  Machinery;  Electric  and  Hand  Power  Cranes,  all  types,  any  capac- 
ity; Structural  Steel  for  Factory  Buildings. 


THE  WEBSTER  MEG  COMPANY 

(Succfssors  to  WEBSTER  M'F'G  CO.) 
TIFFIN,  OHIO  Eastern  Branch:  8b!-90  Reade  St.,  NEW  YORK 

Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Macliincry  for  all 
purpo.ses.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for  manufac- 
turing give  us  large  advantages.  Belt  Conveyors  for  handling  cements,  ores,  sand,  gravel, 
etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings.  Chain  belting. 
Gearing. 


THE  YALE  &  TOWNE  MFG.  CO. 

9  Murray  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists,     The  Triplex  Block 


is  made  in  14  sizes,  with  a  lifting  capacity  of  from 
Hoist  in  10  sizes,  f  to  16  tons. 


to  20  tons;  Electric 
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AIR  COMPRESSORS  AND   PNEUMATIC  TOOLS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILE. 
Manufacturers  of  "Chicago  Pneumatic"  Air  Compressors  and  a  com- 
plete line  of  Pneumatic  Tools  and  Appliances. 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NE^\'  YORK 


Twenty  standard  Air  Compressor  types,  capacity  8  to  8000  cu.  ft.  per  minute;  "Crown" 
and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists,  j  to  5  ton.- 
capacity;  "Crown"  Sand  Rammer.s,  floor  and  bench  types. 
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GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 

Generators,  motors,  Curtis  steam  turbines,  switchboards,  transformers,  locomotives, 
lighting  equipments,  air  compressors,  electrically  heated  devices  for  industrial  purposes. 
Largest  manufacturer  of  electrical  apparatus  in  the  world. 


WAGNER  ELECTRIC  MFG. 

ST.  LOUIS,  MO. 


COMPANY 


Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power  and 
Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  polyphase 
generators  and  motors  the  market  affords.  Manufacturers  of  the  most  comprehensive  line 
of  switchboard  and  portable  instruments  offered  to-day. 


WESTINGIIOUSE  ELECTRIC  &  MFG.  CO. 

PITTSliURG,  PA. 

West inghoiise  Electric  Motor  Drive.  Pump.s,  compressors,  hoists, 
macliine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  driven  with  Westinghouse  Motors. 


POWER  TRANSMISSION 


PULLEYS 


PULLEYS 


THE  A:\IERICAN  PUJ.LEY  CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip:  light,  true 
and  amply  strong  for  double  belts.     120  stocks  carried  in  the  L'nited  States. 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  12(3"  diameter,  3  to  40"  face,  and  fit  any  size  shaft  from  1 
to  8i".     L(>t  us  send  you  our  booklet  illustrating  all  styles. 


PAPERS 

ON 

POWER 
TRANS- 
MISSION 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  127G.  Symposium  on  Electric  Driving  in  Machine  Shop:  A.  L.  DeLeeuw,  C.  Rob- 
Viins,  J.  Riddell  and  discussion,  price  SLIO;  No.  1335.  Variable-speed  Power  Transmission: 
G.  H.  Barrus  and  C.  M.  Menly,  price  $0.10;  No.  S  47  X.  A  New  Theory  of  Belt  Driving: 
S.  Haar,  price  $0.20;  No.  1230.  Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth, 
price  $0.50. 
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THE  CARLYLE  JOHNSON  MACHINE  CO. 

MANCHESTER,  CONN. 

Send  for  our  Catalog,  and  Clutch  Booklet  entitled  "  Clutches  for  Use 
in  Machine  Building."  The  information  set  forth  therein  will  be  of  interest 
to  any  Builder  or  Designer  of  Machinery. 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 

Manufacturers  of  everything  for  the  Mechanical  Transmission  of 
Power;  also  Elevating  and  Conveying  Machinery,  and  the  "Eureka" 
Water  Softener.     Send  for  general  catalog  C-10. 


FALLS  CLUTCH  &  MACHINERY  CO. 

CUYAHOGA  FALLS,  OHIO 

Friction  Clutch  Pulleys,  Couplings,  Quills,  Operators,  Clutch  Sheaves, 
Floor  Stands,  Heavy  Mill  Bearings,  Shaft  Couplings,  Sheaves  and  Tension 
Carriages,  Pulleys  and  Fly  Wheels. 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 
Manufacturers  of  a  complete  line  of  Power  Transmission  Machiner,y 
for  belt,   rope  or  gear  driving,   including  the  well  known   Hill  Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


D.  O.  JAMES  MANUFACTURING  CO. 

1120-22  W.  Monroe  St.  CHICAGO 

Specialists  in  cut  gearing;  spur,  spiral,  bevel,  mitre,  worms  and  worm 
gears,  rawhide  pinions,  racks,  incased  worm  gear  I'eductions,  O'K.  speed 
reducing  transmissions  4:1  up  to  1('00:1. 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


T.  B.  AYOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern   and  Approved   Appliances  for  the  transmission   of  Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 
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ALUMINUM  COMPANY  OF  AMERICA 

PITTSBUEGH,  PA. 

Alumiiiuni  Ingot,  Sheet,  Rod,  Wire,  Cable,  Tubing  and  other  forms. 


AUBURN  BALL  BEARING  COMPANY 

22  Elizabeth  St.  ROCHESTER,  N.  Y. 

Auburn  Four  Point  Contact   Cone  Principle  Ball  Thrust   Bearings, 
Auburn  Steel,  Brass  and  Bronze  Balls,  Solid  and  Hollow. 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Engineers,  Founders  and  Machinists 
Castings  of  ITnusual  Size,  Weight  and  Strength.     Large  and  Accurate 
Machine  Work.     Grinding  and  Polishing  Machines. 


ROBERTS    FILTER    MFG.  CO.,  Inc. 

DARBY,  PHILADELPHIA,  PA. 

Designers  and  Builders  of  Water  Filters  of  both  the  Pressure  and 
Gravity  types,  of  any  capacity. 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA,  PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
purposes.     Steel,  Bronze  and  Brass  Balls. 


UNION  DRAWN  STEEL  CO. 

BEAVER  FALLS,  PA. 

Makers  of  Bright  Cold  Finished  Bessemer,  Open  Hearth  Crucible  and 
Alloy  Steels,  in  Rounds,  Flats,  Squares,  Hexagons  and  Special  Shapes. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1320.  Commercial  Application  of  the  Turbine  Turbo-Compressors:  R.  H.  Rice, 
price,  $0.30;  No.  830.  Compression  and  Liquidification  of  Gas:  A.  L.  Rice,  price  $0.10; 
No.  804.  A  Pneumatic  Despatch-tube  System  for  Rapid  Transportation  of  Mails  in  Cities: 
B.  C.  Batcheller,  price  $0.30;  No.  1295.  The  Development  of  the  Air  Brake:  (Presidential 
Address)  G.  Westinghouse,  price  $0.20. 


40 


ALPHABETICAL    INDEX    TO    DISPLAY 
ADVERTISEMENTS    AND    DIRECTORY    CARDS 


Page 

Alliance  Machine  Co 16,  35 

Alniy  Wat(>r  Tube  Boiler  Co 28 

Alunununi  Co.  of  America 40 

Anu>ricaii  Balance  \'alve  Co 31 

American  Engine  Co 19,  28 

American  Pulley  Co 38 

American   Steam   Gauge   &   Valve 

Mfg.  Co 31 

American  Steam  Pump  Co 20,  27 

.Arnold  Co.,  The 22 

Ashton  Valve  Co 31 

Auburn  Ball  Bearing  Co 40 

Babcock  &  Wilcox  Co 18,  28 

Baldwin,  Bert  L 22 

Ball  Engine  Co 28 

Best,  W.N 31 

Bristol  Co 19,  31 

Brown,  A.  &  F.  Co.,  The 17,  39 

Brown  Hoisting  Mchy.  Co 35 

Brown  Instrument  Co.,  The 19,  31 

Buckeye  Engine  Co 1,  28 

Builders  Iron  Foundry 20,  40 

Butterfield&  Co 23 

Caldwell  &  Son  Co.,  H.  W 35 

Carborundum  Co 23 

Carlyle  Johnson  Machine  Co.,  The.  39 

Carpenter  Tap  &  Die  Co.,  J.  M...  .  21 

Chapman  Valve  Mfg.  Co 31 

Chicago  Pneumatic  Tool  Co 37 

Clyde  Iron  Works 16,  35 

Dallett  Co.,  Thos.  H 32 

Davidson  Co.,  M.  T 27 

Dean,  F.  W.,  Inc 22 

De  La  Vergne  Machine  Co 10,  30 

Diamond  Power  Spec.  Co 32 

Dodge  Manufacturing  Co 39 

Eastern  Machinery  Co 35 

Electrical  Testing  Laboratories.  ...  22 

Engineering  Schools  &  Colleges ....  22 

Erie  City  Iron  Works 28 

Falls  Clutch  &  Mchy.  Co 17,  39 

Fellows  Gear  Shaper  Co 23 

Ford,  Bacon  &  Davis 22 

Garvin  Machine  Co 10,  23 

General  Electric  Co 7;  38 

Goodrich  Co.,  B.  F 15,  36 

Goulds  Mfg.  Co 20,  27 


Page 
Harrisburg    Foundry    &     Machine 

Works.. 29 

Heald  Machine  Co 23 

Hill  Clutch  Co 39 

Hills-McCanna  Co 6,  32 

Holyoke  Machine  Co 27 

Homestead  Valve  Mfg.  Co 32 

Hooven-Owens-Rentschler  Co. .  .  12,  29 
Hughson  Steam  Specialty  Co 32 

Ingersoll-Rand  Co.  .  .  .5,  24,  25,  32,  37 

James  Mfg.  Co.,  D.  0 17,  39 

Jeffrey  Mfg.  Co 15,  36 

Jenkins  Bros 19,  32 

Jolly,  J.  &  W.,  Inc.. 27 

Jones  &  Lamson  Machine  Co .  .2,  3,  24 

Keasbey  Co.,  Robt.  A 33 

Keeler  Co.,  E 18,29 

Kennedy  Valve  Mfg.  Co 21,  33 

King  Machine  Tool  Co 24 

Kingsford  Fdy.  &  Mch.  Wks. ...  18,  29 

Le  Blond  Machine  Tool  Co.,  R.  K.  24 

Lidgerwood  Mfg.  Co 36 

Link-Belt  Co 36 

Ludlow  Valve  Mfg.  Co 33 

Lunkenheimer  Co.,  The 13,  33 

Mackintosh  Hemphill  &  Co 26 

Main,  Chas.  T 22 

Manning,  Maxwell  &  Moore.  ...  16,  24 
Manufacturing    Equip.    &    Engrg. 

Co 21,24 

Mead-Morrison  Mfg.  Co 9,  36 

Mesta  Machine  Co 4,  29 

Mietz    Iron    Foundry    &    Machine 

Works,  August 30 

Monarch  Valve  &  Mfg.  Co 33 

Morehead  Mfg.  Co 33 

Morgan  Engineering  Co 36 

Morris  Machine  Works 20,  27 

Mumford  Molding  Mch.  Co 25 

Murphy  Iron  Works 33 

National  Meter  Co 13,  30 

New  Process  Raw  Hide  Co 24 

New    York    University    School    of 
Applied  Science 22 

Oneida  Steel  Pulley  Co 38 


41 


Page 

Paxson  Co.,  J.  W 25 

Pickering  Governor  Co 34 

Polytechnic  Institute  of  Brooklyn.   22 

Power  Specialty  Co 34 

Professional  Cards 22 

Rensselaer  Polytechnic  Institute.  .   22 

Robb  Engineering  Co.,  Ltd IS,  29 

Roberts  Filter  Mfg.  Co.,  Inc 40 

Robins  Conveying  Belt  Co 36 

Rockwood  Mfg.  Co 39 

Roebling's  Sons  Co.,  John  A 14,  37 

Roots  Co.,  P.  H.  &  F.  M 26 

Ruggles-Coles  Engineering  Co 26 

Scaife  &  Sons  Co.,  Win.  B 34 

Schutte  &  Koerting  Co 34 

Shaw  Electric  Crane  Co 37 

Sherwood  Manufacturing  Co 34 

Smith  Gas  Power  Co.,  The 30 

Standard  Roller  Bearing  Co 21,  40 

Sturtevant  Co.,  B.  F 26 

Tagliabue  Mfg.  Co.,  C.J 34 


Page 

Texas  Co.,  The 34 

Toledo  Bridge  &  Crane  Co 37 

Union  Drawn  Steel  Co 40 

United      Engineering      &      Foundry 
Co 11,  26 


Vilter  Manufacturing  Co.,  The. 


29 


Wagner  Electric  Mfg.  Co 38 

Waltham  Machine  Works 25 

Warner  &  Swasey  Co 1,  25 

Webster  Mfg.  Co.,  The 37 

Weimer  Mch.  Works  Co 30 

Wells  Bros  Co 25 

Wheeler  Condenser  &  Engrg.  Co.  .   35 

Wheeler  Mfg.  Co.,  C.  H 35 

Wheeling  Mold  &  Fdy.  Co 11,  26 

Whiting  Foundry  Equipment  Co.  16,  25 
Wood's  Sons  Co.,  T.  B 39 

Yale  &  Towne  Mfg.  Co 14,  37 


42 


c 


THE 


JOURNAL 


of 


THE    AMERICAN    SOCIETY 
OF  MECHANICAL  ENGINEERS 


DECEMBER  1912 


35  CENTS  A  COPY 


AYEAB 


ANNUAL  MEETING:  NEW  YORK,  DECEMBER  3-6 
MONTHLY  MEETING:  BOSTON,  DECEMBER  20 
MEETING    IN    GERMANY:    JUNE    21-JULY    7,    1913 


EVERY  ENGINEER  SHOULD  ATTEND  THE 
ANNUAL  MEETING— THE  RENDEZVOUS  OF 
THE  MECHANICAL  ENGINEERING  PRO- 
FESSION 

The  coming  Annual  Meeting  of  the  Society,  to  be  held 
in  New  York,  December  3-6,  provides  a  program  of  nine 
professional  sessions,  each  of  the  utmost  value  and  so 
varied  as  to  meet  the  requirements  of  all  engineers,  a 
subscription  dinner  to  honor  Professor  John  E.  Sweet, 
the  engineer  responsible  more  than  any  other  living  man 
for  the  founding  of  this  Society,  and  two  other  receptions 
(see  complete  program  on  page  3),  and  cannot  fail  to 
bring  together  one  of  the  most  representative  gatherings 
of  engineers  the  country  has  ever  known. 

Every  member  should  not  only  make  an  especial  effort 
to  attend  the  convention,  but  should  extend  a  cordial 
invitation  on  behalf  of  the  Society  to  each  of  his  engineer- 
ing acqaintances.  Guests  of  members  will  be  welcomed 
even  though  the  member  extending  the  invitation  finds 
it  impossible  to  be  present. 

No  member  of  the  Society  can  fail  to  profit  by  the 
opportunity  afforded  for  making  new  acquaintances  as 
well  as  renewing  old  friendships,  and  by  the  many  advan- 
tages which  accrue  from  the  mutual  interchange  of  views 
on  professional  topics. 

COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

I.  E.  MouLTROP,  Chmn.      W.  T.  Donnelly 
C.  W.  Aiken  J.  P.  Ilsley 

J.  V.  V.  Colwell  E.  B.  Katte 

R.'M.  Dixon  H.  S.  Wynkoop 
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COMING  MEETINGS  OF  THE  SOCIETY 

December  3-6,  New  York  City,  Engineering  Societies 
Building,  Annual  Meeting.    See  page  3  for  program. 

December  '^O,  Boston,  Mass.  Paper:  Laboratory  Experi- 
ences, Prof.  H.  S.  Heywood  of  Massachusetts  Insti- 
tute of  Technology. 

June  ^1-JuIy  7,  1913,  Joint  Meeting  with  Verein  deut- 
scher  Ingenieure,  Leipzig  and  various  industrial 
cities  of  Germany.  Party  limited  to  "^OO  members 
and  100  ladies.     See  page  9  for  tentative  program. 


THE    JOURNAL 

OF 

THE  AMERICAN  SOCIETY  OF 
MECHANICAL    ENGINEERS 

VOL.  34  DECEMBER    1912  NUMBER  12 

ANNUAL  MEETING 

The  Annual  Meeting  will  be  in  progress  as  this  number  of  The 
Journal  reaches  the  membership.  There  are  to  be  sessions  under 
the  direction  of  several  of  the  sub-committees  of  the  Committee  on 
Meetings,  by  means  of  which  a  total  of  nine  sessions  have  been 
arranged,  and  a  greater  variety  of  topics  will  be  treated  than  at  any 
previous  meeting.  In  the  last  issue  of  The  Journal  a  tentative  pro- 
gram was  published,  with  a  partial  list  of  the  papers.  The  complete 
program  is  now  given  with  the  full  list  of  papers  and  a  statement  of 
the  various  social  events.  In*view  of  the  fact  that  the  date  for  the 
awarding  of  the  John  Fritz  Medal  by  the  four  engineering  societies 
is  Thursday  night  of  the  convention,  the  Council  have  arranged  for 
this  event  to  take  the  place  of  the  usual  reunion. 

There  will  also  be  the  usual  excursions,  and  a  Ladies  Committee 
has  been  formed  to  care  for  the  entertainment  of  the  visiting  ladies. 

PROGRAM 

TUESDAY,  DECEMBER   3 

Opening  Session,  8.80  p.m.,  Auditorium 

President's  Address,  The  Present  Opportunities  and    Consequent    Re- 
sponsibilities OF  THE  Engineer.     Alex.  C.  Humphreys 

Report  of  Tellers  of  Election  of  OflBcers 
Introduction  of  the  President-elect 
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4  SOCIETY    AFFAIRS 

Reception 

Reception  by  the  President  and  President-elect  and  ladies,  to  the  members 
and  guests  of  the  Society.    A  collation  will  be  served  at  10  o'clock. 

WEDNESDAY,  DECEMBER  4 

Business  Meeting,  10.00  a.m.,  Auditorium 

Annual  business  meeting.  Reports  of  the  Council,  tellers  of  election  of  mem- 
bership, standing  and  special  committees.  Amendment  to  Constitution  under 
C57,  relating  to  election  of  members  and  membership  grades.    New  business. 

SIMULTANEOUS   SESSIONS    FOLLOWING   BUSINESS   MEETING 

Power  Plant  Session,  Auditorium 

Dimensions  of  Boiler  Chimneys  for  Crude  Oil,  C.  R.  Weymouth 
Tests  of  a  1000-H.P.  24  Tubes  High  B.  &  W.  Boiler,  B.  N.  Bump 
Air  in  Surface  Condensation,  George  A.  Orrok 

Properties  of  Saturated  and  Superheated  Ammonia,  Wm.  Earl  Mosher 
Physical  Properties  of  Anhydrous  Ammonia,  L.  S.  Marks  and  F.  W. 
Loomis 

Preseuted  through  the  courtesy  of  The  American  Society  of  Refrigerating  Engineers 

Experiments  with  North  Dakota  Lignite  in  a  Steam  Power  Plant  and 
A  Gas  Producer,    Calvin  W.  Crouch 

The  Baltimore  Sewerage  Pump  Valve,     A.  F.  Nagle 

This  session  if  necessary  will  be  continued  in  the  afternoon 

Textile  Session,  Sixth  Floor 

(Papers  contributed  by  Sub-Committee  on  Textiles) 

The  Principles  of  Valuing  Property,  Henry  K.  Rowell 
The  Power  Plants  of  Textile  Mills,  John  A.  Stevens 

Gas  Power  Section,  Sixth  Floor 

Transaction  of  business  and  election  of  officers 

Chairman's  Address,  Recent  Development  of  Gas  Power  in  Europe, 
H.  J.  Freyn 

Discussion  by  Wm.  T.  Magruder,  D.  G.  Baker,  and  others 
Heavy  Oil  for  Use  in  Internal-Combustion  Engines,  Irving  C.  Allen 

WEDNESDAY    AFTERNOON 

Reports  of  Technical  Committees,  2.00  p.m..  Auditorium 

At  this  session  will  be  presented  reports  of  special  committees,  including 
Power  Tests,  Hoisting  and  Conveying,  Standard  Cross-Section  Symbols,  In- 
volute Gears,  Standardization  of  Catalogues,  Flanges,  Pipe  Threads,  and  others. 
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WEDNESDAY    EVENING 

Reception  and  Dinner  to  Professor  Sweet,  6.S0  p.m.,  Fifth  Floor 

A  reception  and  subscription  dinner  will  be  tendered  to  Prof.  John  E.  Sweet, 
Honorary  Member  and  Past-President,  in  celebration  of  his  eightieth  birthday 
and  in  recognition  of  his  services  to  the  engineering  profession.  Dinner  at 
7  o'clock. 

THURSDAY,  DECEMBER  5 

Joint  Session  in  charge  of  Sub-Committees  on  Machine  Shop  Practice  and  Iron 
and  Steel,  10.00  a.m.,  Auditorium 

(Papers  contributed  by  Sub-Committee  on  Machine  Shop  Practice) 

Report  of  Sub-Committee:  The  Development  of  Machine  Shop  Practice 

DURING  the  Last  Decade 

The  Vauclain  Drill,  A.  C.  Vauclain  and  Henry  V.  Wille 

Efficient  Production  of  Cylindrical  Work,  C.  H.  Norton 

Increase   of  Bore   of  High-Speed  Wheels  by  Centrifugal  Stresses, 

Sanford  A.  Moss 

To  be  presented  by  title.     Contributed  through  the  courtesy  of  the  Boston  Local  Com- 
mittee 

Investigation  of  Efficiency  of  Worm  Gearing  for  Automobile  Trans- 
mission, Wm.  H.  Kenerson 

The  Strength  of  Gear  Teeth,  Guido  H.  Marx 

(Paper  contributed  by  Sub-Committee  on  Iron  and  Steel)  • 

Case  Carbonizing,  Marcus  T.  Lothrop 

This  session  if  necessary  will  be  continued  in  the  afternoon 

Railroad  Session,  10.00  a.m..  Sixth  Floor 
(Papers  contributed  by  Sub-Committee  on  Railroads) 

Lighting  of  Passenger  Equipment  in  Steam  Railway  Service,  H.  A. 
Currie  and  B.  F.  Wood 

Factors  in  the  Selection  of  Locomotives  in  Relation  to  the  Economics 
OF  Railway  Operation,  O.  S.  Beyer,  Jr. 

Cement  Session,  10.00  a.m.,  Sixth  Floor 

(Papers  contributed  by  Sub-Committee  on  Cement  Manufacture) 

Some  Remarks  on  the  Depreciation  Factor  in  the  Cost  of  Producing 

Portland  Cement,  Frederick  H.  Lewis 
Discussion  by  G.  S.  Brown 
The  Prevention  of  Missed  Fires  in  Blasting,  W.  H.  Mason 
The  Deterioration  and  Spontaneous  Combustion  of  Gas  Coal,  Perry 

Barker 

THURSDAY    AFTERNOON 

Session  on  Fluid  Flow,  2.00  p.m..  Sixth  Floor 
Measurement  of  Air  in  Fan  Work,  Chas.  H.  Treat 
Tete  V-Notch  Weir  Method  of  Measurement,  D.  Robert  Yarnall 

To  be  presented  by  title.     Contributed  through  the  courtesy  of  the  Philadelphia  Local 
Committee 
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The  Centrifugal  Blower  for  High  Pressures,  Henry  F.  Schmidt 
Measurement  of  Natural  Gas,  Thos.  R.  Weymouth 

THURSDAY    EVENING 

Award  uf  the  John  Fritz  Medal  Jor  1912,  8.30  'p.m.,  Auditorium 
The  John  Fritz  Medal  for  191 2  is  to  be  conferred  upon  Robert  Woolston 
Hunt,  Past-President  of  tlie  Society,  "for  his  contributions  to  the  early  de- 
velopment of  the  Bessemer  proce^s."  Following  the  ceremonial  will  be  a  joint 
reception  to  Mr.  Hunt  and  to  the  members  and  ladies  of  the  four  American 
Engineering  Societies. 

FRIDAY,  DECEMBER  6 

Administration  Session,  Auditorium,  10.00  a.m. 

Report  of  Sub-Committee  on  Administration.     The  Present  State  ok  the 
Art  of  Industrial  Management 

Axioms  Concerning  Manufacturing  Costs,  Henry  R.  Towne 
Measuring  Efficiency  in  Manufacturing,  Edward  B.  Passano 

To  be  presented  by  title.     This  session  if  necessary  will  be  continued  in  the  .•ifliTno:'n 


MEETING  IN   GERMANY 

The  plans  fur  the  iiieetiiig  of  tlie  Society  with  the  Vereiii 
deutbcher  liigenieure,  which  promises  to  be  the  most  remarkable 
tour  of  the  industries  in  Germany  ever  ottered  to  American 
engineers,  continue  to  go  forward  actively.  Mr.  Conrad 
Matschoss,  Dozent  of  the  Royal  Polytechnic  High  School  of 
Berlin  who  recently  visited  the  United  States  as  a  representative 
of  the  German  society,  conferred  with  the  Committee  of  Ar- 
rangements, Col.  E.  D.  Meier,  chairman,  as  to  itinerary,  profes- 
sional papers,  etc.,  with  most  gratifying  results. 

Owing  to  the  great  success  of  this  meeting  in  wdiich  it  is 
probable  that  many  members  of  the  Verein  themselves  will  want 
to  participate,  advice  has  been  received  by  cable  that  the  Ameri- 
can party  must  be  limited  to  200  members  and  100  ladies,  since 
any  number  in  excess  of  this  cannot  be  accommodated  in  the 
hotels  of  the  cities  visited.  This  necessitates  the  restriction  of 
the  party  to  members  only  and  the  ladies  of  their  immediate 
family.  As  the  number  of  those  who  have  already  signified  their 
intention  of  joining  the  party  now^  nearly  equals  this,  any  oppor- 
tunities for  participating  which  may  arise  must  be  accorded  in 
the  order  in  which  requests  are  received  in  the  office  of  the 
Secretary. 

The  date  of  the  departure  will  be  June  10  on  the 
Hamburg-American  liner  Victoria-Luise,  arriving  in  Ham- 
burg on  Saturday,  June  21.  Here  the  party  will  be 
received  by  the  municipal  authorities  at  the  point  of  land- 
ing and  given  an  opportunity  to  visit  the  great  shipyards 
before  going  on  by  special  train  to  Leipzig  the  same  or  the  fol- 
lowing day.  Sunday  evening,  the  22nd,  will  be  the  occasion  of 
an  informal  gathering  to  promote  acquaintanceship,  preceding 
the  more  formal  opening  on  Monday,  June  23.  At  this  opening- 
there  will  be  a  welcome  by  the  King  of  Saxony  and  the  municipal 
authorities  of  Leipzig,  and  two  addresses,  one  by  a  representative 
of  the  German  and  the  other  by  a  representative  of  the  American 
Society,  which  will  be  on  general  subjects,  such  as  the  history 
of  engineering,  the  relation  of  capital  and  labor,  and  the  effect 
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on  industry  of  technical  education.  Tuesday,  the  last  day  to  be 
spent  in  Leipzig,  will  be  devoted  to  technical  papers  and  to 
various  social  events  and  participation  in  the  patriotic  gathering 
in  comnieiiioration  of  the  one-hundredth  anniversary  of  the 
battle  of  Leipzig. 
The  party  will  leave  on  Wednesday  for  a  tour  of  industrial 


NORTH 
S  EA 


Itinerary  of  Official  Tour  in  Germany,  June  23-Jtjly  7,  1913 


Germany  visiting  the  principal  cities,  such  as  Dresden,  Berlin, 
Diisseldorf,  Cologne,  Frankfurt  a/M.,  Niirnberg,  Munich,  etc. 
In  all  probability  the  Krupp  works  at  Essen  will  be  thrown 
open   to   the   party,  the   Baroness   von   Bohlen    (geborene   von 
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Krupp)  receiving  the  visiting  American  engineers  in  person. 
The  trip  up  the  Ehine  from  Bonn  to  Kiidesheim  will  be  made 
by  boat  and  at  Riidesheim  there  will  be  a  grand  festival  on  the 
embankments.  Independence  Day  will  be  celebrated  at  Frank- 
furt a/M.  vmder  the  auspices  of  the  American  embassy. 

The  final  meeting  will  be  held  in  Munich,  July  7,  in  connection 
with  the  Museum  of  Technical  Arts,  of  which  Dr.  von  Miller 
is  the  Director.  It  is  expected  that  the  Prince  of  Bavaria  and 
the  Mayor  of  Munich  will  also  receive  the  party.  The  entire 
trip  through  Germany  and  the  various  official  receptions  are 
being  arranged  by  a  committee  of  the  most  important  men  of  the 
arts  and  sciences  in  the  German  society  and  there  is  the  keenest 
interest  shown  by  municipal  authorities  and  the  heads  of  indus- 
trial establishments. 

The  itinerary  of  the  visit  will  be  as  follows : 

TENTATIVE  PROGRAM 
June  2]     Reception  at  Hamburg  by  the  local  board 
June  22   (Sunday)     Leipzig,    official    reception    by    the    Verein    deutsclier 

Ingenieure 
June  23,  24     Participation  in  the  exercises  of  the  54th  Annual   Meeting 

of  the  Verein  deutscher  Ingenieure 
June  25,  a.m.     Dresden 
June  27,  28     Berlin 
June  29     Diisseldorf.     Reception  by  the  Rhine-Westphalian  Section  of  the 

Verein 
June  30  to  July  2     Various  functions  arranged  by  the  Rhine-Westphalian 

Section,  including  a  trip  to  Cologne  and  Essen 
July  3     By   railway   to   Bonn.     By   boat   up   the  Rhine  with   festival    at 

Riidesheim.      By    rail    to    Frankfurt    a/M.,    arriving 

about    6    p.m.      Evening:    reception    of    welcome    at 

Frankfurt 
July  4     Independence  Day  at  Frankfurt 
July  .5  a.m.     Xiirnberg 

July  6  p.m.     Munich.     Evening  reception  of  welcome 
July  7  a.m.     Visit  to  the  German  Museum 
.July  7  p.m.     Trip  on  the  Starnberg  lake 

Final  exercises  in  the  Rathhaus 

A  map  illustrating  this  proposed  itinerary  is  published 
herewith. 


CURRENT  AFFAIRS  OF  THE  SOCIETY 

The  activities  of  the  Society  are  developing,  particularly  in 
the  matter  of  cooperation  with  other  organizations,  for  the 
general  benefit  of  the  profession,  especially  along  lines  of  stand- 
ardization. Members  will  notice  in  the  report  of  the  Council 
several  committees  appointed  for  specific  standardization  work, 
as  well  as  a  special  committee  to  advise  the  Council  how  we 
can  comprehensively  undertake  our  various  duties  in  this 
direction. 

CONDUCT  OF  ANNUAL   AND  LOCAL  MEETINGS. 

An  important  and  urgent  matter  before  the  Society  is  how  we 
may  best  conduct  our  meetings,  both  general  and  local,  so  that 
members  may  get  the  fullest  benefit  of  the  Society  organization 
and  their  interest  be  maintained,  particularly  of  those  who 
cannot  attend  the  general  meetings.  The  Committee  on  Con- 
stitution and  By-Laws  have  prepared  a  proposed  code,  under 
instruction  of  the  Council,  and  these  Rules  and  By-Laws,  which 
appear  as  proposed  amendments  to  the  existing  Bv-Laws  and 
Rules,  have  been  issued  in  pamphlet  form  to  all  the  standing, 
geographical  and  professional  committees,  with  an  invitation 
that  comments  be  sent  to  the  Council.  Other  members  of  the 
Societv  interested  mav  receive  copies  of  tliis  report  upon  request. 
The  Council  has  invited  the  chairmen  of  the  several  committees 
to  attend  an  informal  subscription  dinner  to  be  held  at  the 
Kngineers  Club  on  the  evening  of  Thursday,  December  5,  for 
the  purpose  of  discussing  these  matters  fully. 

NATION. \  I      l\rUSET'M 

Some  of  our  most  active  members  have  long  desired  to  see  the 
establishment  of  a  Museum  where  the  development  of  engineer- 
ing and  the  arts  might  be  preserved,  and  in  the  original  design 
of  the  Engineering  Societies  Building  a  large  room  on  the 
twelfth  floor  was  set  apart  for  this  purpose,  which  on  account 
of  lack  of  funds  has  never  been  accomplished.  The  visit  of  Dr. 
Oskar  von  Miller  and  the  commission  from  Munich  of  the  Ger- 
man Museum,  however,  has  revived  this  interest  with  such  en- 
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thusiasm  that  the  Council  has  appointed  a  committee  to  cooper- 
ate with  other  organizations  in  the  establishment  of  a  great 
National  Museum. 

1915  ENGINEERING  CONGRESS. 

The  Society  is  more  sensitive  than  ever  to  the  interests  of  all 
of  its  members  and  takes  great  satisfaction  in  the  prospect 
of  an  International  Engineering  Congress  in  San  Francisco  in 
1915  to  celebrate  the  world's  greatest  engineering  achievement, 
the  Panama  Canal.  As  will  be  seen  in  the  minutes  of  its  last 
meeting,  the  Council  has  been  pleased  to  underwrite  this  congress 
to  the  extent  of  $5000,  or  any  portion  of  it  which  may  be  its 
share  of  the  expenses,  provided  the  other  American  engineering 
societies  similarly  participate. 

JOHN  FRITZ  MEDAL 

Invitations  have  been  mailed  to  the  entire  membership,  notify- 
ing them  of  the  award  of  the  John  Fritz  Medal  to  a  Past- 
President  of  this  Society,  Mr.  Robert  Woolston  Hunt.  As  the 
award  will  be  made  on  Thursday  evening  during  our  Annual 
Convention,  the  Council  has  decided  to  omit  the  annual  reunion, 
as  it  will  on  this  occasion  act  as  joint  host  with  the  American 
Institute  of  Electrical  Engineers  and  the  American  Institute  of 
Mining  Engineers  to  all  the  members  and  ladies  of  the  four 
American  engineering  societies. 

Calvin  W.  Rice,  Secretary. 

AMENDMENTS  TO  BY  LAWS  AND  RTTT.ES 

AMENDMENT  TO  BY-LAW  IS 

B  18  The  Council  af  an:r  meeting  mar,  in  its  discretion,  permanently 
remit  the  dues  of  any  Member  of  the  Society  who  has  paid  thirty  years* 
dues,  or  who  shall  have  reached  the  age  of  seventy  years  after  having  paid 
twenty -five  years'  dues,  provided  that  notice  of  such  proposed  action  shall 
have  been  given  at  a  previous  meeting  of  the  Council  and  the  Committee  on 
Membership  shall  have  concurred  in  recommending  that  this  action  be 
taken.  The  Council  may,  in  its  discretion,  restore  to  membership  any  per- 
son dropped  from  the  rolls  for  non-payment  of  dues,  or  otherwise,  upon 
such  terms  and  conditions  as  it  may  at  the  time  deem  best  for  the  interests 
of  the  Society. 

This  announcement  nppeared  in  the  November  issue,  l)iit  Avith 
an  error  in  the  wordirii;  <>f  (Ik;  Bv-Law, 
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AMENDMENTS  TO  RULES 

R  13  The  features  of  the  program  outside  of  the  professional  and 
business  sessions  to  be  provided  for  the  members  and  guests  at  any  meet- 
ing of  this  Society  in  any  city  shall  be  in  cliarge  of  a  Local  Committee,  sub- 
ject, however,  to  the  general  approval  of  the  Committee  on  Meetings.  The 
President's  reception  of  the  annual  meeting  shall  be  in  charge  of  the  House 
Committee  under  the  general  supervision  of  the  Committee  on  Meetings. 

PROFESSIONAL    SECTIONS    AND    GEOGRAPHICAL    GROUPS 

R  19  A  professional  section  or  a  geographical  group  of  the  Society  shall 
consists  of  Honorary  Members,  Members,  Associates,  and  Juniors  of  The 
American  Society  of  Mechanical  Engineers  and  of  other  persons  to  be  des- 
ignated Affiliates  as  hereinafter  desci'ibed. 

R  20  A  professional  section  of  The  American  Society  of  Mechanical 
Engineers  may,  with  the  approval  of  the  Council,  be  organized  for  the  con- 
sideration of  any  engineering,  scientific,  or  professional  topic,  provided  that 
a  number  satisfactory  to  the  Council,  of  members  of  The  American  Society 
of  Mechanical  Engineers,  unite  in  making  written  request  for  such  an 
organization.      A    similar    procedure   shall    apply    to    geographical    groups. 

Such  a  section  or  group  shall  be  designated  as  Section  or  Group 

of  The  American  Society  of  Mechanical  Engineers, — the  blank  being  filled 
by  the  topic  specialized  or  name  of  locality. 

R  21  The  provisions  of  the  Constitution,  By-Eaws  and  Rules  of  The 
American  Society  of  Mechanical  Engineers,  and  the  precedents  of  the  So- 
ciety with  respect  to  professional  sessions  for  the  discussion  of  papers,  shall 
cover  the  procedure  of  the  professional  sections  or  geographical  groups 
except  that  no  meeting  of  a  section  or  group  shall  be  considered  a  meeting 
of  the  Society  as  a  whole. 

R  22  For  the  convenient  conduct  of  its  professional  affairs  the  section 
or  group  shall  organize  an  Executive  Committee  of  five  members  of  the 
Society,  under  the  general  direction  of  the  Council.  Such  ofl5cers  as  the 
section  or  group  shall  require  must  be  selected  from  the  membership  of  the 
Society.  Other  committees  of  the  section  or  group  shall  be  appointed  by  its 
Executive  Committee. 

R  23  The  Executive  Committee  of  the  section  or  group,  subject  to  the 
approval  and  direction  of  the  Secretary  of  the  Society,  shall  designate  a 
Secretary  of  the  section  or  group,  whose  duties  shall  be  those  usually 
attaching  to  the  Secretary  of  a  profef  sional  session,  and  who  shall  also  see 
that  the  discussions  of  papers  are  satisfactorily  reported  and  transmitted 
to  the  Secretary  of  the  Society. 

R  24  Expenditures  for  the  purpose  of  a  section  or  group  chargeable  to 
the  Society  must  be  authorized  by  the  Secretary  of  the  Society  before  they 
are  incurred,  and  must  be  provided  for  in  the  estimate  and  budget  approved 
by  the  Council.  No  liability  otherwise  incurred  shall  be  binding  on  the 
Society.  Any  expenditure  not  so  provided  must  be  met  by  the  section  or 
group  itself. 

R  25  Engineers  and  others  not  members  of  The  American  Society,  but 
desiring  to  participate  in  the  meeting  of  the  section  or  group,  may  enroll 
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themselves  as  affiliates  as  heretofore  provided,  with  the  approval  of  the 
Executive  Committee  of  the  sectiou  or  group.  Such  athliates  shall  have 
the  privilege  of  preseutiug  papers  aud  taking  part  iu  the  discussions.  They 
shall  pay  $5  per  auuum,  which  shall  be  due  and  payable  in  advance,  on 
October  1st  of  each  year  of  their  enrollment,  and  shall  thereby  be  entitled 
to  receive  the  regular  issues  of  The  Journal  for  a  period  covered  by 
their  dues. 

R  26  The  Council  of  The  American  Society  of  Mechanical  Engineers 
may,  at  sixty  days  notice,  suspend  or  disband  any  sectiou  or  group. 

COUNCIL  MEETING,  NOVEMBER  12 

At  a  meeting  of  the  Council  held  on  Tuesday  afternoon, 
November  12,  there  were  present  Alex.  C.  Humphreys,  E.  D. 
Meier,  James  Hartness,  H.  G.  Keist,  Henry  Hess,  Jesse  M. 
Smith,  Ira  N.  Hollis,  F.  R.  Hutton,  E.  B.  Katte,  Wm.  H.  Wiley, 
George  A.  Orrok,  R.  M.  Dixon,  and  C.  W.  Rice,  Secretary.  The 
following  deaths  were  reported :  R.  P.  Badeau,  F.  H.  Crabtree, 
A.  W.  Danforth,  S.  T.  Mudge,  J.  M.  Robinson,  A.  E.  Rowland, 
George  H.  Schuete,  J.  B.  Siner  and  Maunsel  White.  Resigna- 
tions were  accepted  from  Percy  Allan,  C.  W.  Baker,  G.  H.  Ben- 
ton, A.  S.  Blanchard,  H.  M.  Chamberlain,  E.  D.  Church,  H.  W. 
T.  Collins,  Theo.  F.  Dreyfus,  J.  H.  King,  G.  P.  Lawrence,  W.  G. 
Marot,  Harris  J.  Ryan,  C.  M.  Russell,  Harry  Tandy,  Jas.  C. 
Porter,  F.  H.  Burton,  A.  T.  Doud,  John  R.  James,  W.  A. 
Schaefer. 

Fred  J.  Miller,  chairman,  R.  M.  Dixon,  Morris  L.  Cooke  and 
Carl  J.  Barth  were  appointed  a  Committee  on  Codification  of 
Office  Standards. 

Amendments  to  the  Rules,  in  respect  to  the  conduct  of  pro- 
fessional sessions  and  geographical  groups,  which  appear  else- 
where in  this  issue,  were  passed. 

H.  G.  Stott,  A.  F.  Ganz  and  Carl  Schwartz  were  appointed  a 
committee  to  cooperate  with  the  American  Institute  of  Electrical 
Engineers  in  the  matter  of  standardization  of  the  new  unit  of 
power,  the  myrowatt. 

A  committee  consisting  of  A.  L.  DeLeeuw,  Henry  Hess  and 
John  Riddell  were  appointed  to  cooperate  with  the  National 
Machine  Tool  Builders  Association  in  the  matter  of  standard- 
ization of  machine  tools. 

C.  J.  Davidson,  Newell  Sanders,  Putnam  A.  Bates  and  Wm. 
Butterworth,  were  appointed  a  committee  to  cooperate  with  the 
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Society  of  Agricultural  Engineers  in  the  standardization  of 
agricultural  implements. 

A  committee  composed  oi"  E.  D.  Meier,  H.  G.  Reist,  Ambrose 
Swasey,  George  Mesta,  and  Geo.  F.  Kunz  was  appointed  to 
cooperate  with  other  organizations  in  the  establishment  of  a 
National  Museum. 

A  committee  consisting  of  Henry  Hess,  J.  H.  Barr,  Charles 
Day,  C.  J.  Davidson  and  Carl  Schwartz,  was  appointed  to 
advise  the  Council  on  the  general  conduct  of  the  standardization 
work  of  the  Society. 

In  connection  with  the  International  Congress  to  be  held  in 
San  Francisco  in  1915,  $5000  or  such  portion  of  it  as  may  be 
our  share,  was  ordered  underwritten,  provided  the  other  Ameri- 
can societies  make  similar  provision  for  this  congress. 

The  Council  was  very  gratified  to  receive  an  inquiry  from 
the  Milwaukee  Engineering  Society  with  respect  to  affiliation 
with  this  Society,  and  appointed  Geo.  M.  Brill,  Vice-President, 
to  extend  the  greetings  of  the  Society  to  the  Milwaukee 
organization. 

The  Secretary  was  authorized  to  appoint  H.  A.  Hey  assistant 
to  the  Secretary,  to  represent  the  Secretary  in  his  absence. 

The  Annual  Reports  of  the  Council  and  Standing  Committees 
were  received  and  referred  jointly  to  the  Executive  and  Publica- 
tion Committees. 

The  meeting  adjourned  to  Tuesday,  December  3,  at  two  o'clock. 


LAND  AND  BUILDING   FUND 

Through  the  willingness  of  the  nieiubership  to  assume  the  re- 
sponsibility of  our  indebtedness  on  the  land  fund  of  the  Engi- 
neering ^Societies  Building,  our  share  of  this  amount  has  now 
been  paid  oti',  so  that  the  Society  may  feel  itself  free  to  undertake 
the  new  activities  and  responsibilities  which  confront  it. 

At  a  meeting  of  the  Council  on  June  18,  the  following  action 
was  taken : 

\\'UEKKA!S  direct  official  ackuowledgemeut  lias  not  been  made  of  all  tbo 
coutributioiis  to  the  Laud  aud  Buildiug  Fuud  of  tbe  Society  and  to  owners 
of  Certiticates  of  Indebtedness,  and  only  a  partial  list  printed  in  Tbe 
Journal,  be  it 

iiEsohVEu :  Tbat  an  alpbabetical  list  of  all  contributors  to  tbe  fuud  aud 
owners  of  certificates  be  printed  in  au  early  issue  of  Tbe  Journal,  and 
be  it 

Resolved:  That  tbe  thanks  of  tbe  Society  are  hereby  tendered  to  tbe 
contributors  to  tbe  Land  and  Buildiug  Fuud  and  to  tbe  owners  of  Certi- 
ficates of  Indebtedness,  by  which  Tbe  American  Society  of  Mechanical 
Engineers  has  been  able  to  discbarge  its  obligations  in  connection  with 
its  participation  in  the  gift  by  Mr.  Andrew  Carnegie,  Honorary  Member 
of  The  American  Society  of  Mechanical  Engineers  of  tbe  Bugineeriug 
Societies  Building. 

Resolved  :  That  the  thanks  of  the  Society  are  hereby  tendered  to  the 
members  of  the  Laud  aud  Buildiug  Fuud  Committees,  Messrs.  Fred  J. 
Miller,  Chairman,  James  M.  Dodge,  R.  C.  McKinuey,  Committee  in  1907 ; 
Worcester  R.  Warner,  Chairman,  F.  H.  Stillman  (deceased),  George  A. 
Orrok,  I.  E.  Moultrop  and  C.  N.  Lauer,  Committee  in  1910 ;  and  R.  M. 
Dixon,  Chairman,  Waldo  H.  Marshall  and  Charles  Wallace  Hunt  (de- 
ceased), Committee  in  1911,  with  respect  to  the  Certificates  of  Indebted- 
ness, for  the  able  and  energetic  manner  in  which  these  committees  con- 
ducted the  work  intrusted  to  them,  which  resulted  in  securing  contribu- 
tions from  66  firms  and  300  members  and  in  placing  Hj'.'>  certificates  of 
indebtedness,  aggregating  $161,000. 

Resolved  :  Tbat  copy  of  these  resolutions  be  sent  to  tbe  members  of 
each  of  the  above  committees. 

Resolved:  That  the  Society  is  under  special  obligation  to  Charles  Wal- 
lace Hunt,  Past-President,  for  his  wisdom  and  foresight,  after  exhausting 
the  opportunities  for  further  contributions,  in  providing  for  the  dis- 
charge of  the  remaining  obligations  of  the  Society,  $81,000  by  the  issue 
of  Certificates  of  Indebtedness  and  for  the  preparation  of  the  presenta- 
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tlou  letter  with  respect  thereto,  which  resulted  in  an  over-subscriptiou. 
The  list  of  names  is  as  follows: 


CONTKIBUT 
Abbott,  W.  L, 
Abercrombie,  J.  H. 
Aldeu,  G.  L. 
Allen,  W.  M. 
Allis-Chalmers  Co. 
Almond,  T.  R.  Mfg.  Co. 
American  Locomotive  Co. 
American  Pulley  Co. 
Andrews,  Jas.  D. 
Appleton,  Wm.  D. 
Babcock  &  Wilcox  Co. 
Baird  Machinery  Co. 
Baker,  J.  C.  W. 
Baldwin,  Stephen 
Bancroft,  J.  Sellers 
Barnes,  S.   G. 
Barnes,  W.  F. 
Barth,  Carl  G. 
Bartlett,  Henry 
Bates,  A.  H. 
Bates,  Edward  P. 
Bausch,  Wm.  H. 
Baylis,  Arthur  R. 
Beck,  Jas.  D. 
Bettendorf,  W.  P. 
Bickford  Drill  &  Tool  Co. 
Bilgram,  Hugo 
Billings,  C.  E. 
Billings  &  Spencer  Co. 
Bitterlich,  Walter  J. 
Blauvelt,  A. 
Borden,  W.  H. 
Bradford   Mch.   Tool   Co. 
Brandon,  G.  R. 
Breckenridge,  L.  P. 
Bridgeport  Mfg.  Co. 
Brill,  Geo.  M. 
Brown  &  Sharpe  Mfg.  Co. 
Brown,  A.  E. 
Brown,  A.  T. 
Brownell  Company, 
Brush,  C.  F. 
Buckeye  Engine  Co. 
Buckley,  J.  F. 


ORS  TO  LAND  FUND 

Bullard  Machine  Tool  Co. 
Bump,  B.  N. 
Biu'lingame,  L.  D. 
Burns,  A.  L. 

Burroughs  Adding  Mch.  Co. 
Burton,  J.  H. 

Cadillac  Motor  Car  Company 
Calder,  Johu 
Caracristi,  V.  Z. 
Carlsson,  C.  A.  V. 
Cheney,  W.  L. 
Christie,  W.  W. 
Ciun.  Machine  Tool  Co. 
Ciun.  Milling  Machine  Co. 
Cinn.  Plane  Co. 
Clegg,  Robert  I. 
Clemens,  Chas.  W. 
Cogswell,  W.  B. 
Coleman,  E.  P. 

Colts  Patent  Firearms  Mfg.  Co. 
Couard,  W.  R. 
Continental  Iron  Works 
Cooke,  Harte 
Core,  W.  Wallace 
Cox,  J.  D. 
Cromwell,  J.  C 
Doty,  Paul 

Dodge,  Day  &  Zimmermann 
Dougherty,  S.  B. 
Dow,  Alex. 

Dreses  Machine  &  Tool  Co. 
Duncan,  J.  D.  E. 
Dunn,  J.  W. 
Dyer,  R.  A.,  Jr. 
Eberhardt,  Elmer  G. 
Eberhardt,  Frank  E. 
Eberhardt,  Henry   E. 
Eberhardt,  Henry  J. 
Edson,  J.  B. 
Edwards,  V.  E. 
Ekstrand,  C. 
Ellsworth,  J.  W.  &  Co. 
'  Engineering  Magazine 
•  ir  Engineering  News 
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Engineering  Record 
Evans,  H.  O. 
Falkenau,  A. 
Ferguson,  J.  W. 
Ferracute  Machine  Co. 
Ferry,  C.  H. 
Fish,  C.  H. 
Fleming,  H.  S. 
Fletcher,  W.  &  A.  Co. 
Flinn,  Thos.  C. 
Flint,  Walter 
Foote,  A.  W. 
Freeman,  John  R. 
Freeman,  S.  E. 
French,  E.  V. 
Fritz,  John 
Fuchs.  Ernesto 
Gabriel,  Wm.  A. 
Gaehr,  David 
Gamper,  H. 
Gardiner,  A.  J.,  Jr. 
Gately,  P.  J. 
Gates,  P.  H. 
Gisholt  Machine  Co. 
Glasgow,  A.  G. 
Gleason  Works 
Goss,  W.  F.  M. 
Green,  Wm.  O. 
Guelbaum,  David 
Guckel,  Chas.  H. 
Harrington,  N.  T. 
Hartness,  Jas. 
Haskell,  B. 
Hayes  Mfg.  Co. 
Hazard,  F.  R. 
Heaton,  H.  C. 
Hecker,  H.  A. 
Heine  Safety  Boiler  Co. 
Helmes,  M.  J. 
Henderson,  Richard 
Henry,  George  J.,  Jr. 
Herbert,  J.  S. 
Herbert,  C.  G, 
Hess-Bright  Mfg.  Co. 
Hess,  Henry 
Hubbard,  H.  D. 
Higgins,  M.  P. 
Hill,  H.  H. 


iliil  Publishing  Co 

Hinchman,  C.  R. 

Holcomb,  A.   E. 

Holloway,  H.  F. 

Hosmer,  Sydney 

Houston,  Stanwood  &  Gamble  Co. 

Howard,  C.  P. 

Hulett,  F.   E. 

Hulett,  G.  H. 

Hunt,  Chas.  W. 

Hunter,  Geo.  E. 

Huson,  W.  S. 

Hutchinson,  Richard 

Hutton,  F.  R. 

Idell,  Frank  E. 

Industrial  Press 

Isham,  Henry  S. 

Jackson,  D.  C. 

Jacobus,  D.  T. 

Jenkins  Brothers 

Jenks,  R.  P. 

Johnson,  C.  W. 

Johnston,  F.  W. 

Jones,  Horace  K. 

Katte,  E.  B, 

Kelley,  Fred  W. 

Kennedy,  F.  L. 

Kennedy,  M.  E. 

Kennedy  Valve  Mfg.  Co. 

Kent,  J.  M. 

Kimber,  G.  A. 

Kirby,  Frank  B. 

Kirchhoff,  Chas. 

Kwong  Yung  Kwang 

Laird,  W.   G. 

Lane,  H.  M. 

Lange,  P. 

Lardner,  Henry  A. 

Larner,  C.  W. 

Larsson,  T.  L.  F. 

Lauder,  G.  B. 

Lauer,  C.  N. 

LeBlond,  R.  K.,  Mch.  Tool  Co. 

Leland,  Henry  M 

Leonard,  E.  J. 

Lewis,  Wilfred 

Lidgerwood  Mfg.  Co. 

Link  Belt  Co. 
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Little,  Chas.  H. 

Littleford  Bros. 

Lobben,  Pedei- 

Locomobile  Co.  of  America 

Lodge  &  Shipley  Mch.  Co. 

Loring,  Chas.  H. 

Lucas  Machine  Tool  Co 

Lunkenheimer  Company 

Lyall,  Wm.  L. 

MacArthur,  Robt.  .J. 

Mcintosh,  Seymom-  &  Co. 

McMillan,  Emerson 

Machold  &  Riddell 

Magruder,  Wm.  T. 

Main,  Chas.  T. 

Malvern,  L.  K. 

Manning,  C.  11. 

Marten,  L.  H. 

Martin,  F.  S. 

Mars,  Henry 

Mason,  Wm. 

Mason,  Wm.  B. 

Mattice,  A.  M. 

Maury,  D.  H. 

Meaker,  Guy  L. 

Meier,  E.  D. 

Melville,  George  W. 

Merryweather,  G.  E. 

Messnick  Mfg.  Co. 

Miller,  Fred  J. 

Miller.  Theo.  II. 

Miller,  L.  B. 

Mix.  B.  W. 

Moeller.  F. 

Moore.  Chas.  C.  <.V.   Co. 

Morgan,   R.   L. 

Morrin.   Thos. 

Morrison.  H    S. 

Moultrop.  I.  E. 

Mount,  W.  D. 

Murphy,  B.  S. 

Murphy,  John  K. 

Murphy,  John  Z. 

Naegeley,  John  C. 

Nate,  E.  H. 

Neave.  r.  M. 

Newark  Gear  Cutting  Machine  Co. 

Nilos  Boment  Pond  Company 


Norris,  R.  V. 
Otis,  Spencer 
Park,  W.  R. 
Parkhurst,  F.  A. 
Pettis,  C.  D. 
Philbrick,  Frank  B. 
Piatt,  John 
Poison,  J.  A. 
Power,  Fred  M. 
Prather,  H.  B. 
Pratt,  Francis  C. 
Prescott,  F.  M. 
Price,  A.  M. 
Prosser,  Jos.  G. 
Quimby,  W.  E. 
Quint,  A.  D. 
Quintard  Iron   Works 
Reed,  E.  Howard 
Reid,  Marcel  lus 
Reiss,  George  T. 
Reist,  H.  G. 
Rhoades.  G.  E. 
Rice.  Calvin  W.,  Sec'y 
Richter,  Ernest 
Rider,  George  S. 
Riddell,  John 
Riggs,  John  D. 
Rivett.  E. 
Robertson,  R.  A. 
Robeson,  A.  M. 
Roe  Stephens  Mfg.  Co. 
Roper.  Norma n  B. 

Sargent.   Fred'k 

Satherberg.  Carl  IT. 

Saunders.  W.  Q. 

Saxon,  Wm 

Schaeffer.  Jos.  < '. 

Scheele.  John  M.  F. 

Scheffler.  Fred   A 

Schneider,  Paul  F,. 

Schulte,  G.  H. 

Schwarz.  F.  H. 

Sellers,  Wm.   i^   Co..   liir. 

Sharpe.  H.  P. 

Shirrell.  D. 

Smith,  E.  .T. 

Smith,  Jesse  ^1. 

Smith,  Oberlin 
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Smith,  O.  G. 

Snow,  Wm.  G. 

Suow,  Wm.   W. 

Solvay  Process  Co. 

Sprado,  Ralpb 

Stanwood,  J.  B. 

Starbuck,  G.  F. 

Stetson,  G.  R. 

Stevens,  John  A. 

Stut,  J.  C.  H. 

Sulzer,  J.  Carl 

Swasey,   Ambrose 

Sweet,  John  E. 

Symonds,  N.  G. 

Terry,  C.  D. 

Thomas,  Charles  W. 

Thompson,   A.   W. 

Thompson,  John 

Tower,  D.  W. 

Tompkins,  Stonewall 

Torrance,  Henry 

Towle,  Wm.  M. 

Towne,  Henry  R. 

Triumph  Electric  Co. 

Trump,  Edw.  N. 

Tufts,  Leonard 

Turner,  Charles  P. 

Turner,  John 

Tuttle,  W.  B. 

Tyler,  Chas.  C. 

Underwood  Typewriter   Company 

Union  Twist  Drill  Company 

TTnited  EuiEn'g.  &  P'dy.  C<». 

I  psoii,    Maxwoll    M. 


\  uudain,  S.  M. 
Vaughan,  H.  H. 
Veeder,  C.  H. 
Viola,  B. 
Waitt,  A.  M. 
Wallace,  D.  A. 
Ward,  Charles  E. 
Wards  Engine  Works 
Warren,  John  E. 
Warner,  W.  R. 
Watson-Stillman  Company 
Weber,  H.  F. 
Wehner,  Lewis 
Wellman,  S.  T. 
Westinghouse  Company 
Weymouth,  C.  R. 
Wheeler,  C.  H. 
Whitaker,  H.  E. 
White,  John  C. 
Whitehead,  George  E. 
Whitney  Mfg.  Co. 
Whyte,  John  S. 
Wicks,  Henry 
Wildin,  G.  W. 
Wiley,  John  &  Sous 
Willcox,  Chas.  H. 
Williamson,  George  E. 
Willis,  E.  J. 
Wolf,  Fred  W. 
Wood,  Erwin  E. 
Wood,  Walter 
Woodbury,  C.  J.  II. 
Young.  .John   P. 


HOLDERS    ()!'    CERTIFICATES    OF    INDEBTEDNESS 


Abbott,  W.  L. 
Abercrombie,   J.    H. 
Alden,  G.  I. 
Alexander,  M.   W. 
Allen,  Francis  B. 
Allison,  Robt. 
Anderson,  J.  M. 
Appleton,  C.  B. 
Ayers,  H.  B. 
Bailey,  H.  H. 
It.ildwin.  C.  Kemble 
I'.iiiirroft,   J.   Sellers 


Barr.  John  H. 
Barth,  Carl  G. 
Basford.  G.  M. 
Best,  W.  J. 
Bond,  Geo.  M. 
Bourne,  Geo.  L. 
Bower,  E.  S. 
Brill.  Geo.  M. 
Caracristi,   Virginius  Z. 
Carroll,  Elbert  H. 
Carpenter.  J.  M. 
Chester,   J.   N. 
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Christie,  W.  W. 
Clark,  F.  H. 
Cobb,  Geo.  H. 
Colwell,  A.   W. 
Colwell,  J.  V.  V. 
Conlee,  Geo.  D. 
Conrad,  W.  W. 
Cooke,  Fred.  W. 
Coster,  Edward  L. 
Dauiels,  F.  H. 
Deane,  F.  W. 
Dickerman,  W.  C. 
Dixon,  R.  M. 
Doane,  W.  H. 
Doelliug,  L.  K. 
DuPont,  L.  C. 
Durant,  W.  F. 
Dyer,  R.  A.,  Jr. 
Eaton,  H.  C. 
Ely,  Theo.  N. 
Emerson,  Harrington 
Emmet.  W.  L.  R. 
Estes,  Wm.  W. 
Farquhar,  Francis 
Fermier,  E.  J. 
Firmstone,  F. 
Flagg,  Saml.  B. 
Flory,  B.  P. 
Foran.  Geo.  J. 
Ford,  Bruce 
Foster.  C.  H. 
Eraser,  D.  Ross 
Fraser,  Norman  D. 
Fritz,  John 
Gantt,  H.  L. 
Garden,  H.  C. 
Gazzam.  Joseph  P. 
Geier.  Fred.  A. 
George,  J.  T. 
Gordon,  H.  D. 
Goss,  W.  F.  M. 
Grossraann,  A. 
Hadfield,  R.  A. 
Hammer.   Alfred   E. 
Hammett.  H.  G. 
Hartness.  Jas. 
Herbert,  C.  G. 
Herr,  E.  M. 


Herschel,  W.  A. 
Hess,  Henry 
Hinchman,  C.  R. 
Hoefer,  E.  J. 
Hoffman,  J.  D. 
Holmes,  Arthur 
Houiss,  Wm.  H. 
Honsberg,  August  A. 
Hoxie,  W.  D. 
Hugo,  T.  W. 
Humphreys,  Alex.  C. 
Hunt,   Wm.    F. 
Hussey,  W.  E. 
Hutchins,   Geo.  F. 
Hutton,  F.  R. 
Jackson,  Arthur  C. 
Jacobi,  Albert  W. 
Jenks,  R.  P. 
Johnstone,  F.  W. 
Jones,  H.  C. 
Libby.  Malcolm 
Liudstrom.  Chas.  A. 
Longstreth,  Chas. 
Lucas,  H.  M. 
Lundgaard,  I. 
Main,   Chas.   T. 
Manning,  C.  H. 
Marks,  Lionel  S. 
Marshall,  W.  H. 
Matheson,  W.  G. 
Meier,  E.  D. 
Melville,  G.  W. 
Merz,  Robt.  G. 
Miller,  Fred    J. 
Morgan,  Paul  B. 
Moultrop,  I.  E. 
Muhlfeld,  J.  E. 
Munson,  E.  G. 
Murphy,  Edw.  J. 
McBride,  James 
McDewell,  H.  S. 
Nelson.  Jas.  W. 
Nickel.  F.  F. 
Nickerson,  Chas.  H. 
Nickerson,  A.  T. 
Otis.  Spencer 
Phetteplace,  T.  M. 
Plunkett,  Chas.  T. 
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Posey,  Jas. 
Pratt,  Jas.  A. 
Reid,  John  S.,  Sr. 
Reiss,  Geo.  T. 
Ricbter,   Ernest 
Ridden,  John 
Ritter,  H. 
Robinson,  A.  W. 
Rohlig,  George  G. 
Ray,  David  H. 
Royle,  Vernon 
Sague,  J.  E. 
Sanguinetti,   Philip  C. 
Sando,  W.  J. 
Schwamb,  Peter 
Schwartz,  Carl 
Sellers,  Coleman,  Jr. 
Sharpe.  Henry  D. 
Shedd.  Frank  E. 
Small.  H.  J. 
Smith,  Augustus 
Smith,  Harry  J. 
Smith,  Jesse  M. 
Smith,  J.  W. 
Spalding,  C.  M. 


Spiro,  Chas. 
Stearns,  A.  W. 
Stafford,  B.  E.  D. 
Stetson,  G.  R. 
Stott,  H.  G. 
Stutz,  C.  C. 
Swain,  Geo.  F. 
Swasey,  Ambrose 
Sweet,  J.  E. 
Taylor,  F.  W. 
Taylor,  J.  W. 
Thompson,  O.  C. 
Towne,  H.  R. 
Tyler,  C.  C. 
Vauclain,  S.  M. 
Viall,  W.  A. 
Wadleigb,  Geo.  R. 
Waitt,  Arthur  M. 
Warren,  John  E. 
Westiughouse,  H.  H. 
Wiley,  Chas. 
Wiley,  Wm.  H. 
Whyte,  F.  M. 
Zehnder,  C.  H. 


ANNUAL  REPORT  OF  COUNCIL  AND  STANDING 
COMMITTEES 

REPORT    OF    THE    COUNCIL 

The  activities  of  the  Society  for  the  year  1911-1912  have 
covered  a  wide  scope,  l^rominent  among  them  has  been  coopei'a- 
tion  with  other  societies.  For  this  purpose  a  conference  com- 
mittee has  been  formed,  consisting  of  two  appointees  eacli  from 
the  American  Society  of  Civil  Engineers,  the  American  Insti- 
tute of  Mining  Engineers,  the  American  Institute  of  Electrical 
Engineers  and  The  American  Society  of  Mechanical  Engineers, 
whose  province  it  is  to  bring  to  the  attention  of  their  respective 
organizations  for  action  matters  of  importance.  The  Society 
has  also  cooperated  with  other  organizations  and  appointed  com- 
mittees to  assist. 

A  Committee  en  Engineering  Standards  has  been  formed, 
with  Avhich  the  prominent  engineering  societies  of  the  world 
have  been  asked  to  coo  )erate,  to  establish  a  clearing  house  for 
the  issuance  of  information  respecting  standards  for  the  en- 
gineering profession. 

At  various  functions  during  the  year,  the  Society  has  been 
represented  by  the  following  Honorary  Vice-Presidents,  ap- 
pointed by  the  Council :  AVilliam  M.  Rice  Institute,  Houston, 
Texas,  W.  B.  Tuttle;  Fourth  National  Conservation  Congress, 
George  M.  Brill  and  W.  B.  Jackson ;  American  Electric  Railway 
Association,  R.  W.  Hunt  and  C.  J.  Davidson;  International 
Rubber  Conference,  E.  B.  Katte;  International  Conference  on 
Hygiene  and  Demography,  H.  de  B.  Parsons  and  T.  Kennard 
Thompson;  Pratt  Institute  Commencement  Exercises,  C.  W. 
Obert;  Carnegie  Institute  of  Technology,  O.  P.  Hood;  National 
Waterways  Commission,  H.  G.  Stott;  International  Congress 
of  Navigation,  Wm.  T.  Donnelly;  American  Academy  of  Politi- 
cal and  Social  Science,  Geo.  W.  Melville,  C.  M.  Day,  J.  M.  Rusby. 

Ties  with  organizations  abroad  as  well  as  at  home  are  con- 
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tinually  being  strengthened  by  the  Society's  policy  of  coopera- 
tion. During  the  year  the  Society  has  participated  in  the  erec- 
tion of  a  memorial  win(h)w  at  Westminster  Abbey  to  the  memory 
of  Lord  Kelvin,  under  the  auspices  of  the  Institute  of  Civil 
Engineers,  $G00  having  been  subscribed  by  members  of  the  Society 
for  this  purpose.  In  A})ril  of  this  year,  the  members  of  the  Ger- 
n:an  Museum  Commission  appointed  to  study  important  engineer- 
ing achievements  in  America,  were  given  the  greetings  of  the. So- 
ciety at  a  meeting  in  the  Engineering  Societies  Building,  and  in 
the  various  cities  visited  were  assisted  by  committees  of  the  mem- 
bership formed  for  the  purpose.  An  invitation  to  participate 
in  a  meeting  of  the  Verein  deutscher  Ingenieure  in  Leipzig  in 
the  summer  of  1913  has  been  accepted  by  the  Council  and  active 
preparations  for  the  trip  have  been  l)egun  by  the  Committee  of 
Arrangements,  Col.  E.  D.  Meier,  chairman. 

Within  the  Society  itself  new  activities  have  been  undertaken. 
As  a  result  of  an  earnest  consideration  by  the  Council  of  ways 
and  means  of  extending  the  membership,  a  committee  on  In- 
crease of  Membership,  I.  E.  Moultrop,  chairman,  was  appointed 
early  in  the  year.  This  committee  has  cooperated  with  the 
^fembership  Committee  in  seeking  to  invite  only  those  qualified 
for  admission  from  among  those  prominent  in  the  profession  and 
if  possible  increasing  rather  than  lowering  in  any  way  the  pre- 
sent high  standard  of  membership.  The  proposed  amendments  to 
the  Constitution  provide  an  additional  engineering  grade,  mak- 
ing the  several  grades  of  membership  similar  to  the  more  im- 
portant American  and  English  societies  and  simplifying  the 
method  of  election  in  accordance  with  these  same  prominent 
organizations.  The  proposed  engineering  grade  is  that  of  As- 
sociate-Member, intermediate  between  Member  and  Junior,  and 
election  by  the  Council  is  proposed  to  be  substituted  for  election 
by  the  membership. 

Honorary  membership  has  been  conferred  during  the  year 
upon  Anatole  Mallet  of  Paris.  Carl  Gustav  Patrick  DeLaval, 
Stockholm,  Eudolph  Diesel,  Munich,  and  Oskar  von  Miller, 
Munich.  The  death  of  George  Wallace  Melville,  Past-President 
and  Honorary  Member,  is  reported  with  regret. 

The  following  table  shows  the  changes  in  membership  for 
the  fiscal  year,  October  1,  1911,  to  October  1,  1912,  in  distinction 
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from   the   administration   year   which   the   rest   of   the   report 
covers : 

MEMBERSHIP  FOR  FISCAL  YEAR  (OCT.  1.  1911-OCT.  1,  1912) 


Oct.  1. 
1911 

Losses 

Additions 

Net 
de- 
crease 

Net 
in- 
crease 

Grade 

a 

1^    n 

.§.2 
I"" 

0 

1 

.si 

Oct.  1, 
1912 

Honorary 

Members 

Associates 

Juniors 

16 

2702 

370 

919 

1 
13 
43 

19 
4 
17 

30 
10 

28 

1 

27 
4 
2 

54 
2 
1 

3 

278 

16 

175 

4 

1 

13 

2 
269 

87 

18 

2961 

357 

1006 

Total 

4007 

57 

40 

68     1     34 

57 

472 

6 

336 

4342 

Affiliates    Gas 
Power  Section. 

Affiliates     Stu- 
dent Section . . 

134 
635 

8 

87 

126 

722 

The  University  of  California  has  been  added  to  the  list  of 
student  branches,  which  now  number  25.  The  total  number  of 
student  affiliates  is  now  722.  The  Committee  on  Student  Branches 
has  been  increased  by  the  addition  of  Wm.  Kent  and  George  A. 
Orrok,  with  the  intent  that  through  this  enlarged  committee 
visits  can  be  made  to  the  several  branches. 

An  important  step  with  reference  to  local  meetings  of  the 
Society  was  taken  at  the  Spring  Meeting  in  Cleveland,  after 
conference  with  representatives  of  the  several  cities  where  meet- 
ings are  held.  The  policy  adopted  was  to  extend  the  rules  for 
professional  sections  making  them  applicable  to  geographical 
sections.  Upon  approval  of  the  Council  local  meetings  may 
now  be  considered  sectional  meetings,  with  the  local  committee 
in  responsible  charge.  A  close  relation  between  the  Society's 
headquarters  and  those  of  the  several  centers  is  maintained  by 
the  interchange  of  papers.  Under  these  provisions  meetings  as 
sections  are  now  being  conducted  in  San  Francisco,  St.  Louis 
and  Cincinnati. 

The  Council  reports  the  final  adoption  of  amendments  to  the 
Constitution,  By-Laws  and  Rules,  which  appear  elsewhere. 
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Committee  activity  has  been  marked  throughout  the  year 
and  the  advance  which  the  Society  is  making  has  come  about 
through  the  earnest  work  of  the  standing  and  special  committees. 
Full  details  appear  in  the  separate  reports  of  the  committees 
-tccompanying  this  report. 

The  task  of  completing  the  series  of  pictures  of  Honorary 
Members  has  progressed  under  the  care  of  the  House  Committee, 
and  twenty-two  of  these  portraits  are  now  hung  upon  the  walls 
of  the  Society's  rooms.  To  this  committee  has  been  assigned 
the  duties  in  connection  with  the  President's  Reception  given 
each  year  at  the  Annual  Meeting. 

Through  the  initiative  of  the  Library  Committee  amendments 
to  the  By-Laws  of  the  United  Engineering  Society  have  been 
prepared  and  have  received  the  approval  of  the  Boards  of 
each  of  the  Societies  comprising  the  United  Engineering  Society, 
whereby  a  common  administration  of  the  joint  libraries  of  the 
American  Institute  of  Mining  Engineers,  the  American  Insti- 
tute of  Electrical  Engineers  and  The  American  Society  of  Me- 
chanical Engineers,  may  be  secured,  making  possible  greater 
efficiency  in  the  joint  library  service,  together  with  symmetry 
of  the  several  collections,  so  that  there  may  be  no  duplication 
of  effort. 

An  important  advance  movement  has  been  undertaken  by  the 
Committee  on  Meetings  in  the  appointment  of  six  additional 
sub-committees,  covering  various  phases  of  mechanical  engineer- 
ing, with  the  idea  of  securing  increased  service  through  the 
assistance  of  specialists  who  will  report  developments  in  their 
respective  fields.  There  are  now  ten  of  these  sub-committees, 
covering  Administration,  Air  Machinery,  Cement  Manufacture, 
Fire  Protection,  Hoisting  and  Conveying,  Industrial  Building, 
Iron  and  Steel,  Machine  Shop  Practice,  Railroads,  and  Textiles. 

Due  to  the  rapid  growth  of  the  Society,  the  work  of  the  Pub- 
lication Committee  has  become  increasingly  difficult,  particularly 
as  regards  Transactions,  there  being  sufficient  important  material 
to  fill  a  two  volume  edition.  The  Council  has  concurred  in  the 
recommendation  of  the  committee  that  an  index  to  Transac- 
tions, comprising  volumes  1  to  33  inclusive,  be  published,  and  an 
appropriation  has  been  secured  for  the  purpose.  The  subscrip- 
tion price  of  The  Journal  has  been  reduced  to  $2  a  year  to  mem- 
bers and  affiliates  and  $3  a  year  to  non-members.    This  publica- 
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tion  has  been  entirely  self-supporting  during  the  year  and  has 
continually  sought  to  enlarge  its  field  of  activity  and  usefulness, 
so  as  to  present  a  complete  record  of  mechanical  engineering. 

A  total  of  865  applications  for  membership  have  been  re- 
ceived by  the  Membership  Committee  during  the  fiscal  year,  of 
which  694  have  been  recommended  for  membership.  Eight 
former  members  have  also  been  reinstated.  The  Committee 
have  adopted  a  more  simple  form  of  application  and  reply  blank 
which  will  more  readily  meet  its  requirements. 

A  special  committee  on  Code  of  Ethics  has  been  appointed 
by  the  Council,  following  the  example  of  other  societies,  to  con- 
sider the  formation  of  such  a  code. 

The  special  committee  on  Flanges  has  cooperated  with  the 
National  Association  of  Master  Steam  and  Hot  Water  Fitters 
in  formulating  the  1912  schedule  of  standard  weight  and  extra- 
heavy  flanges  and  flanged  fittings.  This  has  been  adopted  by  the 
Government  in  several  of  its  departments  and  by  numerous 
organizations. 

As  a  result  of  interest  awakened  in  the  subject  of  measurement 
of  taps,  bolts  and  screws,  a  committee  has  been  appointed  to 
take  up  the  matter,  whose  duty  it  shall  be  to  prescribe  the  per- 
missible tolerances  in  the  commercial  manufacture  of  these  pro- 
ducts, including  their  measurement. 

The  committee  on  Standard  Cross-Sections  and  Symbols  will 
report  at  the  Annual  Meeting  on  standards  for  drawings  to 
indicate  the  materials  used. 

Upon  invitation  of  the  Patent  Law  Association,  a  conference 
was  held  in  Washington  at  which  the  Society  was  represented, 
together  with  several  other  national  societies.  The  Committee 
on  Patent  Law  has  been  continued  so  that  it  may  attend  any 
conferences  which  may  arise  and  participate  in  any  develop- 
ments, reporting  to  the  Society  as  the  necessity  may  arise. 

At  the  Annual  Meeting  the  very  complete  and  remarkable 
report  of  the  Committee  on  Power  Tests  will  be  presented  and 
thus  bring  up  to  date  and  extend  the  present  reports  of  the 
Society  on  these  subjects. 

REPORT  OF  FINANCE  COMMITTEE 
Appended  will  be  found  the  certified  report  of  the  examina- 
tion of  the  accounts  of  the   Society,  made  by  Messrs.   Peirce. 
Struss  &  Company,  for  the  fiscal  year  of  the  Society,  ending  Sep- 
tember 30,  1912. 
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Your  Finance  Committee  reports  tiiat  the  total  income  of  the 
Society  for  the  fiscal  year  ending  September  30,  1912,  was  $112,- 
535.06,  being  an  increase  of  $17,453.32  over  the  previous  year. 
These  increases  are  largely  due  to  the  very  excellent  work  of 
th  Increase  of  Membership  Committee,  the  Sales  Department, 
and  the  Advertising  Department. 

The  total  expenditures  of  the  Society  were  $101,306.25,  an 
increase  of  $6,915.42. 

Your  Committee  feels  that  it  must  not  neglect  to  call  atten- 
tion to  the  great  expenses  charged  to  the  account  of  the  Member- 
ship Committee,  which  amounts  to  over  $5  for  each  new  member 
joining  the  Society.  This  expense  all  accrues  after  the  applica- 
tion is  received  and  includes  the  cost  of  the  Certificate  of  Mem- 
bership, about  $1  apiece.  Your  Committee  respectfully  urges 
that  the  Membership  Committee  gives  especial  attention  to  this 
matter  with  a  view  to  eliminating  a  large  proportion  of  this 
expense. 

The  Publication  Committee  has  spent  but  $44,516.40,  out  of 
an  appropriation  of  $48,300,  but  there  are  some  expenses,  esti- 
mated to  amount  to  $4200,  in  connection  with  Volume  33  of 
Transactions,  which  have  already  accrued  but  are  not  paid.  The 
Finance  Committee  recommends  that  this  amount  be  set  aside 
from  the  income  of  the  year  ending  September  30,  1912,  for 
meeting  this  expense. 

It  is  estimated  that  the  income  of  the  Society  for  the  year 
ending  September  30,  1913,  will  be  $117,329,  and  your  Finance 
Committee  recommends  the  following  appropriations,  amounting 
to  $106,775 : 

Finance  Committee $23,375 

Membership  Committee 2,500 

Increase  of  Membership  Committee 1 ,800 

House  Committee 2,000 

Library  Committee 4,500 

Meetings  Commit  I  cc 5,500 

Council 7,000 

Publication  Conunittee 50,500 

Power  Tests  Committee 1 ,000 

Research  Committee 100 

Society  History  Committee 500 

Sales  Expenditures 8,000 

$106,775 
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Your  Committee  would  further  advise  that  as  the  year  pro- 
gresses close  watch  be  kept  of  the  income  and  expenses  and 
that  if  the  income  should  increase  or  decrease  the  appropriations 
should  be  modified  accordingly,  being  maintained  in  the  aggre- 
gate at  about  90  per  cent  of  the  expected  income. 
Respectfully  submitted, 


R.  M.  DrxoN,  Chairman'' 
W.  H.  Marshall 

H.   L.    DOHERTTj 

W.  L.  Saunders 
W.  D.  Sargent 


Finance 
Committee 


APPENDIX   TO    REPORT 

November  1,  1912. 
Mb.  R.  M.  Dixon, 

Chairman   Finance   Committee 
Dear  Sir: 

In  accordance  with  your  instructions,  we  have  audited  the  books  and 
accounts  of  The  American  Society  of  Mechanical  Engineers  for  the  year 
ended  September  30,  1912. 

The  results  of  this  examination  are  presented  in  three  exhibits,  at- 
tached hereto,  as  follows : 

Ewhibit  A     Balance  Sheet,  September  30,  1912 

Exhibit  B     Income   and    Expenses   for   the  year   ended    September 

30,    1912 
Exhibit  C     Receipts  and  Disbursements  for  the  year  ended  Septem- 
ber 30,  1912 
We  beg  to  present,  attached  hereto,  our  Certificate  to  the  aforesaid  ex- 
hibits. 

Peibce,  Stbuss  &  Co., 
Certified  Public  Accountants 

November  1,  1912 
Mb.  R.  M.  Dixon, 

Chaibman   Finance   Committee 
Dear  Sir: 

Having  audited  the  books  and  accounts  of  The  American  Society  of 
Mechanical  Engineers  for  the  year  ended  September  30,  1912,  we  hereby 
certify  that  the  accompanying  Balance  Sheet  is  a  true  exhibit  of  its  finan- 
cial condition  as  of  September  30,  1912,  and  that  the  attached  statements 
of  Income  and  Expenses,  and  Cash  Receipts  and  Disbursements  are  cor- 
rect 

Peibce,  Stbuss  &  Co., 
Certified  Public  Accountants 
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EXHIBIT  A 
Balance  Sheet,  Septembeb  30,  1912 

ASSETS 

Equity  in  Society's  Building   (25  to  33  West  39th 

Street)    $353,346.62 

Equity  one-third  cost  of  land   (25  to  33  West  39th 

Street     180,000.00 

$533,346.62 

Library    Books 13,000.00 

Furniture  and  Fixtures 5,000.00 

18,000.00 

New  Yorlv  State  314%   Bonds  1954    (Par  $.35,000.00)     30,925.00 

Cash   in  Banks  representing  Trust  Funds 11,320.78 

42,245.78 

Stores  including  Plates  and  finished  publications . .  13,076.70 

Cash  in  Banks  for  general  purposes 21,322.32 

Petty    Cash   on    hand 350.00 

21,672.32 

Accounts  Receivable 

Membership  Dues 8,635.75 

Initiation  Fees 1,155.00 

Sale  of  Publications,  Advertising,  etc 10,400.69 

20,191.44 

Bills    receivable 612.45 

Advance  payments 1,675.54 

Total   Assets $650,820.85 


LIABILITIES 

Certificates  of  Indebtedness $74,800.00 

Funds 

Life   Membership   Fund $35,386.07 

Library   Development   Fund 4,902.71 

Weeks  Legacy  Fund 1,957.00 

42,245.78 

Dues  paid  in  advance 1,559.13 

Initiation   Fees   uncollected 1,155.00 

Unappropriated    Revenue 11,228.81 

Reserve    (Initiation    Fees) 35,759.89 

Surplus  in  Property  and  Accounts  Receivable 484,072.24 

Total  Liabilities  and  Surplus $650,820.85 
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EXHIBIT  B 

Incomk  and  Expkisses  fok  the  Year  Ended  September  30,   1912 

INCOME 

Membership   Dues $61,198.01 

Sales,    Gross   Receipts 10,908.15 

Advertising    38,562.22 

Interest   and   Discount 1,866.68 

Miscellaneous    


Total $112,535.00 

EXPENSES 

Finance    Committee .$25,889.43 

Membership  Coumiittee. 3,572.04 

Increase  of   Membership    ("ommittce 1,887.53 

House  Committee 1 .895.31 

Library  Committee 4,521.64 

Meetings  Committee 6,083.69 

Council   Committee 4,438.09 

Publication  Committee 44.516.40 

Research  Committee 101.75 

Power  Tests  Commidec 50.00 

Sales  Expenditures 7.750.37 

Reserve   Fund 600.00 


Total     $101,306.25 

Excess  of  Income  over  Expenses $11,228.81* 

*$4200  of  this  amount  was  reserved  to  complete  Trans.,  vol.  33. 

EXHIBIT   C 

Receipts  a.nd  Disbursements  fob  Year  Ended  September  .30.  1912 

receipts 

Membershij)   I  )uos $59,270.81 

Initiation  Fees 10,270.00 

Membership  Dues  and  Initiation  Fees  paid  in  advance  1,485.80 

Sales  of  publications,  badges,  advertising,  etc 48,155.94 

Subscription  to  Land  Fund 344.00 

Interest   2,479.92 

Certificates  of  Indebtedness 35,149.04 


$157,155.51 

Cash  in  Bank  and  on  hand,  September  30,  1911 31,081.10 

•  $188,236.61 

DISBURSEMENTS 

Disbursements   lor  general   purposes $114,243.51 

Cancellation  of  Mortgage 41,000.00 

Cash  in  Banks  and  on  hand,  September  30,  1912...     .32.99.3.10 

' $188,2.36,61 
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REPORT  OF  'iiiE  HOUaE  COMMITTEE 
The  work  of  the  House  Coiumittee  during  tiie  past  year 
has  been  generally  conlined  to  routine  matters.  Mo  further 
material  additions  have  been  made  to  the  decorations  or  furnish- 
ings of  the  rooms  of  the  Society.  Some  improvements  in  venti- 
lation of  the  rooms  and  olHces  iiave  been  effected  and  new  equip- 
ment purchased  to  facilitate  the  business  work  of  the  Society. 
A  number  of  additional  portraits  of  honorary  members  have 
been  secured  and  framed,  and  present  prospects  indicate  the  sub- 
stantial completion  of  this  collection  in  about  two  years'  time, 
Kespectfully  submitted, 


Fbancis  BiiOasoM,  Chairtnan  \ 
Edward  Van  Wi 

li.   R.    (JOBLEIGU 


Edward  Van  Winkxe  i 

\     House 


a.    D.    COLL^Tl' 

W.  N.  Dickinson 


(JommiUee 


REPORT  OF  THE  COMMITTEE  ON  MEETINGS 
With  reference  to  hnancial  expenditures,  reading  and  judg- 
ing of  papers,  the  number  of  meetings  held,  and  similar  routine 
matters,  the  work  of  the  Committee  on  Meetings  has  been  for 
the  past  year  substantially  on  the  same  basis  as  for  the  preced- 
ing year.  At  no  tmie  in  the  year  is  any  member  of  this  com- 
mittee free  from  Society  service  and  the  continuity  of  this 
demand  cannot  be  realized  by  any  one  who  has  not  served  on 
it.  Most  of  the  work  is  conducted  by  correspondence,  but  in 
no  case  is  any  committee  action  taken  without  substantially 
unanimous  approval.  Through  the  winter  months  meetings  are 
held  weekly  or  bi-weekly,  as  the  business  demands,  for  the  clear- 
ing up  of  matters  that  cannot  be  disposed  of  by  correspondence 
and  for  verbal  discussion  on  questions  of  policy. 

The  service  that  the  Society  demands  of  the  Committee  on 
Meetings  is  considerably  more  in  quantity  and  quality  than  a 
single  committee  of  live  men  can  efficiently  perform.  It  is  this 
feeling  that  prompted  the  recommendations  last  year  for  the 
effective  enlistment  of  the  Society  membership  in  assisting  the 
work  of  the  Committee  on  Meetings  by  organizing  sub-commit- 
tees. It  is,  therefore,  with  considerable  satisfaction  that  your 
committee  is  able  to  report  not  only  the  inauguration  of  this 
plan  but  its  successful  operation.  At  the  present  time  there  are 
in  existence  ten  sub-committees,  each  having  accepted  the  duty 
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of  advising  the  Society  through  its  Committee  on  Meetings 
not  only  of  topics  which  should  be  treated  in  these  respective 
fields,  but  also  securing  the  proper  treatment  in  papers  and 
discussion.  These  committees  comprise  Textiles,  Administra- 
tion, Cement  Manufacture,  Iron  and  Steel,  Industrial  Build- 
ing, Hoisting  and  Conveying,  Railroads,  Machine  Shop  Prac- 
tice, Air  Machinery,  and  Fire  Protection.  This  plan  should 
be  continued  until  every  branch  of  professional  interest  and 
public  service  shall  be  represented  by  a  sub-committee  that  can 
give  it  whatever  public  expression  it  merits. 

In  the  conduct  of  the  two  stated  meetings  of  the  Society,  the 
Committee  on  Meetings  is  also  enlisting  the  services  of  other 
sub-committees  to  take  charge  of  the  social  and  entertainment 
features,  duties  which,  while  only  intermittent,  involve  very 
considerable  labor  and  time.  This  year  these  features  of  the 
Annual  Meeting  are  divided  between  the  House  Committee, 
which  will  take  charge  of  all  the  details  of  the  President's 
Reception,  and  the  New  York  Local  Committee,  which  will 
have  the  care  of  all  other  social  sessions.  In  connection  with 
the  latter,  your  committee  also  reports  the  inauguration  of  the 
policy  of  payment  for  the  social  entertainment  by  those 
participating,  all  funds  for  this  purpose  being  derived  from  the 
sale  of  tickets.  It  is  hoped  that  this  plan  will  work  so  success- 
fully at  this  year's  Annual  Meeting,  where  it  will  have  its  first 
trial,  that  it  can  be  likewise  applied  to  the  Spring  Meeting, 
relieving  local  membership  in  various  cities  of  the  necessity  of 
personal  contributions  for  the  entertainment  of  others. 
Respectfully  submitted, 

Chakles  E.  Ltjcke,  Chairman\ 
H.  deB.  Parsons  I  Committee 

W.  E.  Hall  \         on 

H.  E.  LoNGWELL  i    Meetings 

H.  L.  Gantt  / 

REPORT  OF  THE  COMMITTEE  ON  MEMBERSHIP 

During  the  past  year  the  Committee  on  Membership  has  held 
ten  meetings  for  the  transaction  of  its  work,  and  in  addition 
three  joint  meetings  with  the  Committee  on  Increase  of  Mem- 
bership.   The  number  of  applications  acted  upon  is  as  follows: 
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Applications  pending  October  1,  1911 94 

Applications  received  during  fiscal  year  October  1,  1911  to  September  30, 

1912 771 

865 

On  tlieso  applications  the  following  action  was  taken: 

Recommended  for  membership (394 

Withdrawn  for  various  reasons 4 

Deferred  indefinitely 4 

Deferred  for  further  information 3 

Apphcations  held  pending  the  receipt  of  endorsement  of  required  number 

of  references  which  did  not  arrive  up  to  the  date  of  closing 160 

865 
It  was  also  voted  to  reinstate  eight  members. 

This  committee,  after  extended  investigation,  recommends 
an  additional  grade  of  membership,  with  consequent  modifica- 
tions of  the  Constitution,  to  be  voted  upon  at  the  Annual  Meet- 
ing; and  has  also  revised  both  membership  applications  and 
endorsement  blanks  with  a  view  to  omitting  certain  features 
which  have  been  criticized,  and  simplifying  the  former  to  facili- 
tate and  reduce  the  cost  of  handling.  The  following  comparison 
shoW' s  that  some  reduction  in  cost  has  already  been  secured : 

In  1911,  368  candidates  were  placed  on  the  Professional  Ser- 
vice Sheets,  at  a  cost  to  the  Society  of  $5.81  each  for  the  clerical 
work  of  the  committee  and  for  the  ballot  by  the  entire  member- 
ship. In  1912,  694  candidates  appeared  on  the  Professional 
Service  Sheets  at  a  cost  of  $5.14  each. 

Of  the  total  expenditures  ($8572.04)  chargeable  to  this  com- 
mittee during  the  past  year,  $1925.15,  or  approximately  54  per 
cent  of  the  total,  was  incurred  for  the  printing,  mailing  and 
handling  of  the  Professional  Service  Sheets  and  Ballots,  which 
amount  will  be  wholly  saved  under  the  new  system  of  election 
and  announcement  now  under  consideration. 

A  further  possible  economy  not  yet  fully  investigated  but 
perhaps  worthy  of  consideration,  may  be  effected  by  making  a 
charge  to  new  members  for  the  certificates  of  membership  now 
furnished  free  of  charge.  A  preliminary  search  shows  that  the 
principal  European  scientific  societies  furnish  their  certificates 
without  charge.  Of  the  American  Societies,  the  American  In- 
stitute of  Mining  Engineers  do  not  issue  a  certificate,  the  Ameri- 
can Institute  of  Electrical  Engineers  charge  $1  for  a  member- 
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ship  certificate,  and  the  American  Society  of  Civil  Engineers 
furnish  a  paper  certificate  free  of  charge,  but  charge  $2  for  a 
parclinient  certificate. 

Although  the  annual  gain  in  members  has  been  increased  88 V2 
per  cent  over  last  year,  a  perusal  of  the  last  two  ballots  is  most 
gratifying  and  convincing  proof  that  the  standard  of  member- 
ship has  been  fully  maintained  and  will  in  no  way  be  lowered 
by  a  dignified  presentation  to  the  mechanical  engineering  pro- 
fession of  this  countr}^  of  our  claims  to  tlieir  membership  and 
support,  and  the  benefit  to  be  derived  by  them  from  the  con- 
stantly increasing  lines  of  investigation  and  discussion  in  ever}'' 
branch  of  mechanical  engineering  presented  at  the  meetings, 
and  through  The  Journal  of  the  Society. 

Eespectfully  submitted, 

G.  J.  FoRAN,  Chairman\ 
HosEA  Webster  I    Committee 

Theo.  Stebbins  y  on 

W.  H.  Boehm  i  Membership 

H.  C.  Meyer,  Jr.         / 

REPORT  OF   COMMITTEE   ON   PUBLIC   RELATIONS 

The  Committee  on  Public  Relations  having  been  requested  by 
one  of  our  Philadelphia  members  that  the  Society  c  operate 
in  matters  of  public  interest,  responded  by  notifying  the  local 
members  in  their  individual  capacity.  While  the  Society,  as 
such,  may  not  always  respond  exactly  as  invited,  it  may  in 
effect  assist  in  relations  of  the  engineer  with  the  public,  by 
corresponding  with  the  members  individually,  inviting  their 
attention  to  certain  matters,  and  thus  perform  our  duties  in 
this  regard. 

Your  committee  would  be  pleased  to  receive  communications 
and  will  do  their  best  on  all  occasions  to  develop  this  activity 
of  the  Society's  work. 

Respectfully  submitted, 


James  M.  Dodge,  Chairman\ 
D.  C.  Jackson  /  Committee  on 

John  W.  Lieb,  Jr.  \       Public 

Fred  J.  Miller  \      Relations 

Worcester  R.  Warner 


^ 
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REPORT  OF  THE  PUBLICATION  COMMITTEE 

The  adequate  presentation  and  record  of  the  growing  work 
of  the  Society  has  imposed  upon  the  Publication  Committee  an 
increasingly  difficult  task.  It  is  impossible  to  present  in  a 
single  volume  of  Transactions  all  of  the  papers  presented  before 
the  Society  at  its  two  regular  meetings  and  at  the  meetings  of  the 
several  local  groups  and  selections,  as  well  as  the  record  of 
Council    and    Committee   meetings,   administrative   affairs,   etc. 

At  the  commencement  of  its  term  this  committee  decided  with 
the  approval  of  the  Council,  to  confine  the  papers  recorded  in  the 
Transactions  to  those  presented  at  the  regular  spring  and  fall 
meetings,  with  a  condensation  of  the  discussion  thereon,  bring- 
ing within  this  category  papers  of  exceptional  merit  presented 
at  local  or  section  meetings  by  referring  them  to  the  Committee 
on  Meetings,  with  a  recommendation  that  they  be  presented,  at 
least  by  title,  at  one  of  the  regular  meetings;  and  further,  that 
matter  of  administrative  and  only  temporary  interest  would 
find  sufficient  publicity  in  The  Journal  and  might  be  omitted 
from  Transactions. 

During  the  past  year  the  number  of  papers  presented  at 
the  regular  meetings  has  been  such  that  even  with  the  dis- 
cussion evoked  condensed  to  the  utmost,  it  is  impossible  to  print 
them  in  a  volume  of  less  than  1500  or  1600  pages.  The  cost 
of  such  a  volume  would  be  $10,000,  or  $2000  in  excess  of  the 
appropriation  available  for  this  purpose. 

The  committee  requires  an  expression  from  the  Council  as 
to  whether  it  may  have  the  additional  appropriation  of  $2000 
necessary  to  print  a  volume  which  shall  include  all  of  the  papers 
presented  at  the  spring  and  fall  meetings  with  the  condensed 
discussion  thereon. 

There  has  been  no  general  index  of  Transactions  published 
previous  to  Volume  20.  An  appropriation  of  $1000  is  now  avail- 
able for  the  purpose  of  bringing  this  index  up  to  date,  and  steps 
will  be  taken  to  put  the  work  imn^ediately  in  progress. 

The  progress  of  The  Journal  has  been  most  gratifying.  It 
is  the  purpose  of  its  editor,  heartily  concurred  in  by  the  Com- 
mittee, to  make  it  not  only  a  means  of  communication  between 
the  membership  and  headquarters,  and  of  distributing  the 
papers  presented  before  and  the  record  of  work  accomplished 
by  the  Society  itself,  but  an  epitome  of  progress  in  the  world 
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of  iriechanica]  engineering  indispensable  to  any  active  member 
of  the  profession.  The  Foreign  Review,  instituted  during  the 
past  year  is  a  step  in  this  direction.  It  is  hoped  to  extend  this 
and  kindred  features  until  the  contents  of  The  Journal  shall 
include  at  least  directions  to  information  upon  everything  of 
importance  developed  or  presented  in  its  field. 

During  the  past  year  The  Journal  has  earned  $2000  over  its 
expenses,  taking  care  of  the  publication  work  incidental  to  (a) 
the  increase  of  material  presented  at  the  various  meetings,  due 
to  the  formation  of  local  committees  and  subcommittees,  and  {h) 
the  increase  in  membership  which  includes  the  addition  of  over 
1000  student  members  and  affiliates  since  The  Journal  began 
to  publish  advertising,  and  (e)  the  Foreign  Review  which  in- 
volves an  expenditure  of  about  $4000  per  year.  The  present  edi- 
tion is  6500  with  an  average  of  100  pages  ])er  month,  as  against  an 
edition  in  1907-1908  of  4000  with  an  average  of  140  page-s. 

For  the  first  time  in  the  history  of  The  Journal  we  have  pub- 
lished some  account  of  the  paj^ers  and  discussion  at  all  meetings 
in  which  the  Society  participated,  and  synopses  of  the  papers 
and  discussi(m  presented  at  all  meetings  held  under  the  super- 
vision of  the  Society  whether  locally  or  otherwise.  The  cost  per 
100  pages  per  1000  copies  has  diminished  from  $1^).")  at  the  time 
advertising  was  started  to  $120.  The  condensed  catalogue  plan 
of  advertising  has  ]U'oved  attractive  and  is  more  in  keeping 
with  tlie  character  of  the  Society's  publication  than  the  usual 
display  advertising. 

The  Journal  has  proven  its  potency  to  serve  the  Society  in 
many  ways,  with  no  draft  upon  the  Society's  funds,  and  is  cap- 
able of  being  made  a  source  of  considerable  revenue  or  of  sup- 
porting itself  in  a  wider  field  of  activity  and  usefulness.  By 
the  publication  of  papers,  committee  reports,  etc.,  in  The  Journal, 
the  Society  is  now  saved  what  was  formerly  a  considerable  item 
of  exjiense  for  printing  and  distribution. 

The  Society  must  soon  consider  whether  in  ^iew  of  the  op- 
portunities for  publicity  and  record  alforded  by  The  Journal 
it  desires  to  continue  the  publication  of  Transactions.  At  the 
present  rate  of  increase  it  will  soon  be  necessary  to  print  two 
volumes  per  year.  This  will  mean  an  annual  expense  of  from 
$13,000  to  $10,000.  The  two  publications  involve  a  duplication 
of  expense  and  eft'ort  in  many  ways,  and  it  is  possible  that  a  plan 
might  be  evolved  whereby  the  binding  of  The  Journal  in  whole 
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or  in  part  might  serve  all  the  purposes  of  Transactions  with  a 
considerable  saving. 

Respectfully  submitted, 

F.  R.  Low,  Chairman\ 

G.  I.   ROCKWOOD  /    r,    r7       . 

--    -,    „  V  Publication 

G.  M.  Basford  >  -, 

1  Committee 


C.  I.  Eakll 

I.   E.    MOTTLTROP 

REPORT  OF  RESEARCH  COMMITTEE 


) 


Although  the  activities  of  the  Research  Committee  have  shown 
a  decided  increase  during  the  year,  it  is  still  evident  that  the 
membership  of  the  Society  does  not  realize  the  existence  of 
the  committee  and  the  power  which  it  can  exert  for  stimulating 
research  in  many  directions,  tending  to  advance  the  cause  of 
mechanical  engineering.  The  committee  should  be  the  medium 
by  which  the  members  of  the  Society  bring  to  bear  upon  their 
problems  the  best  assistance  of  the  members  of  the  profession 
throughout  the  country,  and  it  is  hoped  that  a  greater  realiza- 
tion of  the  possibilities  of  the  committee  in  giving  such  assist- 
ance may  be  attained. 

The  committee  has  felt  that  the  best  way  to  bring  these  possi- 
bilities to  the  attention  of  the  membership  was  to  secure,  first, 
statements  from  experts  in  the  form  of  papers,  abstracts,  etc., 
of  the  present  state  of  knowledge  in  various  directions;  and, 
second,  to  use  these  papers  in  the  widest  possible  way  to  stimu- 
late research  to  extend  such  knowledge.  With  this  in  view,  the 
sub-committee  on  Steam  Research  secured  a  paper  last  year 
from  Mr.  George  A.  Orrok,  on  the  Transmission  of  Heat  through 
Metallic  Tubes,  an  extremely  able  resum^  of  the  present  state 
of  knowledge  in  that  field;  and  has  this  year  secured  from 
the  same  author  a  continuation  of  this  paper  in  the  form  of  a 
digest  of  the  technical  literature  on  the  transmission  of  heat. 
While  this  digest  is  not  proper  material  for  a  paper  to  be  pre- 
sented before  the  Society,  it  is  of  the  greatest  value  and  the 
committee  recommends  that  this  paper  be  printed  and  thereby 
placed  at  the  disposal  of  the  members  of  the  Society. 

In  addition  the  following  papers  on  the  following  subjects 
are  in  preparation :  The  present  status  of  the  railroad  rail 
question,  with  reference  to  the  increased  service  demanded  of 
rails  and  the  improvements  being  made  in  rail  construction, 
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forming  in  fact  a  complete  resum^  of  the  entire  question  of 
breakage  of  railway  rails  and  the  steps  being  taken  to  relieve 
this  condition  in  the  future;  deterioration  or  growth  of  cast  iron 
in  an  atmosphere  of  superheated  steam ;  the  effect  of  pulsating 
flow  on  the  accuracy  of  flow  meters;  steam  heating  of  towns 
from  central  stations;  amount  of  air  and  other  gases  in  injection 
water. 

There  has  been  considerable  discussion  on  plans  for  future 
activities,  which  will  no  doubt  bear  fruit  in  the  succeeding  year. 

Research  work  is  in  progress  on  the  coefficients  of  elas- 
ticity of  ceramic  materials,  at  the  instigation  of  the  com- 
mittee on  Mechanical  Properties  of  Materials  used  in  Elec- 
trical Engineering. 

The  following  sub-committees  have  been  appointed  and  have 
shown  activity  and  devotion  to  the  subjects  assigned  to  them: 
Sub-Committee  on  Steam  Research :  L.  S.  Marks,  C.  J.  Bacon, 
E.  J.  Berg,  W.  D.  Ennis,  J.  F.  M.  Patitz,  R.  H.  Rice;  Sub- 
Committee  on  Research  in  Materials  of  Electrical  Engineering: 
R.  D.  Mershon;  Sub-Committee  on  Research  in  Safety  Valves: 
P.  G.  Darling,  E.  F.  Miller,  H.  D.  Gordon,  F.  L.  Pryor,  F.  M. 
Whyte. 

Respectfully  submitted, 

'Richard  H.  Rice,  Chmrm,an\ 
■     "R.  D.  Mershon  / 

W.  F.  M.  Goss  Research 

A.  L.  DeLeeuw  ^Committee 

R.  C.  Carpenter  / 


NECROLOGY 
MAUNSEL  WHITE 

Maunsel  White,  for  many  years  Engineer  of  Tests  and  Metal- 
lurgist of  the  Bethlehem  Iron  and  Steel  Works,  died  in  New 
Orleans  on  October  22,  1912.  He  was  born  in  Plaquemines 
parish.  La.,  on  March  15,  1856,  of  a  prominent  southern  family. 
After  a  few  years  of  study  under  private  tutors  and  in  George- 
town University,  near  Washington,  D.  C,  he  entered  the  school 
of  technology  at  Worcester,  Mass.,  and  later  the  workshops  of 
the  Lehigh  Valley  Railroad  at  Weatherly,  Pa.  Here  he  gained 
a  practical  knowledge  of  mechanics  which  determined  him  to 
secure  an  engineering  education.  In  1875,  accordingly,  he  became 
a  student  at  Stevens  Institute  of  Technology,  from  which  he 
was  graduated  four  years  later  as  valedictorian  of  his  class. 

Immediately  afterward,  White  was  engaged  by  the  Bethlehem 
Iron  Company,  under  John  Fritz,  then  largely  manufacturing 
merchant  steel  and  rails,  now  the  Bethlehem  Steel  Company, 
and  later  became  chief  of  the  metallurgical  department,  taking 
high  rank  as  an  authority  upon  metals.  He  represented  his  com- 
pany and  was  in  charge  of  their  exhibit  at  the  World's  Fair  in 
Chicago  in  1893,  as  well  as  at  the  Paris  Exhibition  of  1900, 
receiving  personally  at  the  latter  a  bronze  medal  of  merit  as  a 
result  of  his  company's  exhibit;  and  he  made  frequent  visits 
to  Europe  in  the  same  capacity  during  his  connection  with  the 
company,  arranging  among  other  things  for  the  sale  of  great 
quantities  of  armor  plate  to  the  government  of  Russia,  through 
personal  interviews  with  the  ministers  of  the  Czar  and  at  least 
one  audience  with  the  Czar  himself. 

Both  the  chemistry  of  iron  and  steel  and  the  physical  proper- 
ties of  these  metals  have  been  so  thoroughlj^  studied  during  the 
past  30  years  and  practice  concerning  them  has  become  so  crystal- 
lized, that  the  engineer  of  today  finds  it  difficult  to  appreciate 
that  facts  which  now  seem  elementary  and  commonplace  were 
unknown  in  the  early  days  of  tlie  industry.  The  life  of  the 
metallurgist  in  those  days  was  intense  and  exciting.     Problems 
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were  crowded  on  him  upon  which  depended  the  very  life  and 
existence  of  his  company,  and  in  the  solution  of  these  problems, 
in  wringing  these  secrets  from  nature,  Maunsel  White  had  a 
large  though  often  inconspicuous  part.  The  confidence  inspired 
by  his  work  is  shown  in  the  trust  placed  in  him  by  the  govern- 
ment officials  detailed  to  supervise  the  manufacture  of  armor 
plate  and  ordnance  at  the  time  the  Bethlehem  Steel  Company 
was  so  largely  engaged  in  its  construction.  White's  O.K.  on  a 
piece  of  steel  was  regarded  as  final. 

Maunsel  White  will  best  be  remembered  through  his  part  in 
the  extended  investigation  which  led  to  the  discovery  of  the 
Taylor- White  process  of  treating  steel  and  the  development  of 
"  high-speed  "  tools,  which  have  revolutionized  the  machine  shop 
practice  of  the  world.  Tn  general  he  has  been  accorded  the 
credit  which  belongs  to  him  in  the  discovery  of  this  process, 
but  few  have  appreciated  the  detailed  thoroughness  of  his  work, 
that  true  scientific  devotion  which  enabled  him  to  plod  along, 
month  after  month,  developing  methodically  one  fact  after  an- 
other, and  the  rare  ability  with  which  he  was  able,  in  the  end, 
to  coordinate  and  group  these  facts  so  as  to  indicate  the  con- 
clusions and  theories  towards  which  thev  tended.  High-speed 
tools  have  in  many  cases  doubled  and  trebled  the  output  of  metal- 
cutting  machines,  and  practically  all  makers  of  high-speed  steel 
have  today  adopted  for  their  best  brand,  steel  of  almost  the  exact 
chemical  composition  recommended  by  White  as  a  result  of  his 
experiments. 

While  Maunsel  White  will  ever  be  remembered  for  his  metal- 
lurgical discoveries,  his  friends  knew  him  as  a  man  of  rare 
versatility  and  catholicity  of  taste,  with  an  intense  love  of 
literature  and  the  arts  and  marked  ability  in  these  directions 
as  well  as  in  the  realm  of  applied  science.  He  was  both  a  poet 
and  a  mathematician,  a  combination  in  the  same  individual  so 
rare  that  in  this  respect  he  was  a  marvel  to  all  his  friends.  Alive 
to  beautv,  he  could  at  the  same  time  get  at  the  kernel  of  a  problem 
with  quickness,  clearness  and  accuracy.  His  work  at  the  Bethle- 
hem Steel  Company  gained  for  him  the  friendship  and  admira- 
tion of  John  Fritz,  the  dean  of  the  steel  industry  in  America. 

Mr.  White  was  widely  known  both  in  America  and  abroad,  and 
was  a  member  of  the  Iron  and  Steel  Institute  of  Great  Britain 
and  the  American  Institute  of  Mining  Engineers. 


PRELIMINARY  REPORT  OF   THE  COMMITTEE  ON 
STANDARD  SIZES  OF  CATALOGUES 

The  Committee  has  made  an  extensive  investigation  of  the 
various  sizes  of  catalogues  in  common  use,  and  has  had  correspon- 
dence with  many  paper  manufacturers,  printers,  advertising 
agents  and  makers  of  filing  boxes  and  cabinets,  as  well  as  with 
manufacturers  of  machinery  and  supjilies.  The  general  con- 
clusions it  has  reached  may  be  summarized  as  follows: 

a  There  is  a  universal  opinion  that  catalogue  sizes  should 
be  standardized.  It  is  not  necessary  to  give  any  rea- 
sons here  for  this  opinion,  as  it  is  all  on  one  side. 
b  The  standard  of  6  by  9  in.  has  for  so  many  years  met 
with  such  wide  acceptance,  probably  two-thirds  of 
all  the  catalogues  that  are  now  made  being  either 
that  size,  trimmed  as  closely  to  exact  size  as  possible, 
or  within  14  "^-  of  it  in  one  or  both  dimensions,  that  it 
may  be  considered  as  too  well  established  ever  to  be 
abolished. 
c  The  G  by  9  size  is  too  small  for  many  purposes,  and 
it  is  necessary  to  have  for  some  purposes  a  size  which 
is  about  8  by  101/4  in.  or  8i/^  by  11  in. 
d  Large  manufacturing  concerns  have  spent  a  great  deal 
of  money  in  having  cuts  and  electrotyi^es  made  for 
these  two  large  sizes,  some  using  one  size  and  some 
the  other  so  that  it  is  not  to  be  expected  that  either 
size  can  be  abolished.  There  is  no  serious  objection  to 
having  both  sizes  remain  as  acceptable  standards. 
Both  of  them  are  in  use  as  standard  sizes  of  letter 
paper,  and  both  may  be  conveniently  filed  in  the  same 
filing  case. 
e  The  9  by  12  in.  size  has  been  adopted  by  a  few 
for  very  large  catalogues.  While  it  is  generally  ac- 
ceptable for  technical  and  trade  journals,  it  is  rather 
too  large  for  a  catalogue,  unless  it  is  to  be  a  large 
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cloth-bound  book,  to  be  placed  on  a  shelf  and  not  filed 
in  a  cabinet.  It  should,  therefore,  not  be  recommended 
as  a  standard  for  common  use. 

The  following  extracts  from  some  of  the  letters  received  show 
the  variety  of  opinions  that  exist  as  regards  the  sizes  that  should 
be  adopted: 

Matthetos-Northrup  Works,  Btiffalo,  N.  Y.  Paper  stock  is  made  in  sheet 
sizes  25  by  38  in.  Since  cuts  Iiave  been  made  and  tabular  pages  set  for 
yeare  to  fit  6  by  9  in.  it  shiould  prove  very  expensive  for  many  firms  to 
change.  An  opportunity  is  afforded  by  the  9  by  12  in.  size  to  run  the  text 
descriptive  matter  or  tabular  panel  of  sizes  and  prices  immediately  under 
the  illustrations  on  the  same  page.  The  SV2  by  11  size  works  out  in 
good  proportions.  These  three  sizes  seem  to  be  the  only  ones  that  need 
be  planned  for. 

Robert  L.  StiUman,  Ncio  York.  I  suppose  there  are  more  catalogues 
made  6%  by  9^4  or  9%  by  12i/i  than  any  other  size,  because  they  both 
cut  from  25  by  38  in.  paper  which  is  of  standard  size,  allowing  Vs  in. 
for  trim. 

The  33  by  4(!  in.  size  would  make  8^/4  by  ll^^.  It  might  be  reduced 
to  11  in.  to  get  it  within  the  standard  letter  size. 

Ticomlvroga  Pali)  tf  Paper  Co.,  New  York.  It  would  be  much  to  the 
advantage  of  every  one  if  all  catalogues  could  be  standardized  to  a  cer- 
tain size.  It  would  be  a  great  assistance  not  only  to  the  paper  manu- 
facturer but  also  to  the  dealer  and  printer,  as  in  that  case  the  dealer 
could  carry  in  stock  standard  sizes  and  could  supply  paper  promptly, 
and  printers  would  not  then  have  to  wait  for  paper  to  be  made  especially. 

Frank  Preshrey  Co.,  New  York.  Sent  samples  G%  by  9%,  and  recom- 
mended it  as  the  size  used  in  all  standard  magazines.  In  reference  to 
letter  size,  8^/2  by  11,  if  a  movement  be  inaugurated  which  will  result  in 
making  up  to  this  size  all  catalogues  and  monthly  bulletins  a  great 
deal  will  be  accomplished. 

Collin  Armstrong  Advertising  Co.,  New  York.  As  far  as  our  experience 
goes  5%  by  8  in.  is  the  most  convenient  size.  Anything  near  8%  by  11 
would  in  our  opinion  be  too  large  to  l)e  handled  easily,  would  be  apt 
to  go  to  pieces  quickly  and  probably  not  be  kept  carefully  by  the  recipi- 
ent, as  would  be  the  case  with  a  smaller  book. 

F.  F.  Coleman,  PuhVicity  Manager,  Lhlgrnrocfd  Mfg.  Co.,  New  York.  All 
publications  except  catalogues  intended  for  filing  should  be  eliminated  from 
consideration.  The  best  size  for  catalogues  is  9  by  12  in.  upright.  Per- 
sonally, I  would  abolish  the  6  by  9  size. 

J.  Horace  McFarland,  Harrishurg,  Pa.  In  the  nursery  trade  the  6  by  9 
size  does  not  permit  such  attractive  illustrations  in  an  economical  man- 
ner as  the  growing  vigor  of  selling  campaigns  required,  and  there  is  a 
great  disposition  to  get  away  from  anything  of  a  standard  size  and  to 
malie  the  catalogue  different. 

Hammacher,  ^chlemmer  d  Co.,  New  York.  Are  working  on  a  new  edi- 
tion of  their  catalogue  which  will  be  9  by  12  in.     For  a  number  of  years 
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they  used  51/2  by  7%,  but  it  is  too  small  for  a  book  of  say  12U0  pages. 
For  pamphlets  and  smaller  sizes  will  use  6  by  9  in. 

Maiininy,  Maxicell  d  Moore,  New  York.  Books  for  general  mechanical 
goods,  both  small  and  large  should  be  6  by  9  in.  wherever  it  is  practicable. 
In  many  cases  a  larger  sheet  is  necessary  to  take  the  proper  size  cut  to 
show  important  small  details. 

Oeneral  Electric  Voiiiixtny,  Schenectady,  N.  Y.    We  use  and  recommend 

5  by  101/2  in.  catalogues  as  standard.  The  width  of  page  is  valuable  for 
displaying  illustrations  and  tabular  matter.  Our  standard  letter  paper 
is  8  by  iuy2  in.     Or  standard  photographic  plate  is  8  by  10  in. 

The  Yale  &  Towne  Mfg.  Co.,  New  York.  C.  L.  Red  field.  Adv.  Mgr. 
Printed  matter  may  well  be  any  of  the  following  sizes  for  reasons  given: 

6  by  3%  in.  for  folders,  because  this  size  just  fits  the  small  Government 
envelope  which  is  still  very  largely  in  use  among  business  people; 
8  by  3Y2  in.  for  folders  and  small  booklets,  because  it  just  fits 
the  No.  9  Government  2  cent  envelope  and  makes  it  very  easy  to  use 
such  printed  matter  to  accompany  correspondence ;  6  by  9  in.  for  small 
catalogues,  as  we  have  been  led  to  believe  that  this  is  more  acceptable  to 
the  machinery  and  other  trades ;  8  by  10^^  in.  for  sheets  which  accompany 
correspondence,  as  this  is  the  size  of  our  letter  head;  9  by  12  in,  for 
our  more  important  catalogues,  this  being  the  accepted  size  with  the 
paper  makers  and  is  carried  in  stock. 

RECOMMENDED  SIZES 

In. 

Index  Card,  Standard    3x5 

Index  Card,  Larger  Sizes 4x6  and  5x8 

Folders,  Small  GxSS/g Large,  8x314 

Catalogue,  Standard  Size 6x9 

Bulletins    and    Large    Catalogues,     Standard 

8x101/2  and  81/2XII 

Bulletins  and  Large  Catalogues  Smaller  than  Standard 

8x10^2 

In  addition  to  the  recommendation  as  to  sizes  the  Committee 
would  also  recommend  the  following: 

a  For  paper  covered  catalogues  intended  to  be  perman- 
ently filed,  the  edges,  including  the  cover,  should  be 
trimmed  to  exact  size.  No  fancy  deckled  edge  or 
dark  tinted  paper  should  be  used. 
h  Overlapping  edges  of  the  cover  are  permitted  when 
the  catalogue  is  bound  in  covers  stiff  enough  to  sup- 
port its  weight  in  boards  or  heavy  card  paper. 
c  The  title  should  always  be  printed  on  the  exposed  back 
of  the  catalogue,  even  in  very  thin  stitched  books,  for 
the  purposes  of  identification. 
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d    Ever}^  catalogue  should  have  a  date  on  its  title  page. 

e  A  standard  size  index  card  3  by  5  in.  should  be  en- 
closed in  each  catalogue,  with  the  title  of  the  book  and 
a  brief  statement  of  the  character  of  its  contents 
printed  on  it. 
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Fig.   1     Relation  of  Catalogue   Sizes 


Transactions  of  Societies,  Pamphlets,  etc 6x9 

PAPER    BOXES,    DRAWERS    AND    VERTICAL    FILING    CABINETS 

(Inside  Measurements) 
For  6  x  9  in.  catalogues,  pamphlets  and  9  x  12 

papers   folded   once 6i/^  x     9% 

Paper  Boxes  and  Drawers  for  larger  sizes. . .  .91^  x  12% 
Vertical  Files  for  large  sizes 10  x  12% 
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Fig.  1  which  gives  a  clear  idea  of  the  relation  of  these  several 
sizes  to  each  other  is  drawn  to  scale,  showing  them  superposed. 

FILING  BOXES  AND  CABINETS 

Jesse  Jones  Paper  Box  Co.,  Philadelphia,  Pa. 
A  box  that  will  hold  a  sheet  8V^  by  11  in.  is  by  far  the  most  in  demand- 
Various  makers  of  filing  cabinets  give  the  following  sizes  of 
drawers  (inside  measurements) : 

Correspondence  Files  QVs  x  119/16,  10  x  12,  lOyg  x  12%,  10  7/16  x  12. 
Legal  cap  Files,  QVs  x  14%,  9y2  x  15,  lOi/a  x  15^. 
Invoice  Files,  7y2  x  9y2,  7%  x  9%,  S  x  10,  814  x  101/16. 
The  9%  X  11  9/16  is  too  short  to  take  a  9  x  12  in.  paper. 
There  seems  to  be  no  reason  for  making  the  height  more  than 
10  in.  as  no  letter  paper  is  over  8i^  in.  wide.  A  size  of  10  in. 
high  by  12%  in.  wide  would  seem  to  be  the  best  for  all  large 
size  catalogues.  It  would  hold  two  6  x  9  in.  side  by  side,  although 
the  filing  of  6  x  9  and  9  x  12  in.  papers,  together  in  the  same 
drawer  is  objectionable,  as  the  smaller  sized  papers  have  a  ten- 
dency to  lap  over  on  each  other  and  thus  to  occupy  more  space 
than  they  should.  The  extra  inch  in  height  gives  ample  room 
for  division  cards  and  tabs.  The  legal  cap  and  the  invoice  files 
are  not  suitable  for  any  of  the  standard  sizes  of  catalogues.  A 
size  suitable  for  the  6  by  9  in.  catalogue  does  not  appear  to  be 
in  the  market.  If  one  were  made  with  drawers  about  6i/^  by 
9%  in.  it  should  have  a  ready  sale.  The  drawer  would  be  more 
easily  handled  than  the  10  by  12%  in.  size. 

In  submitting  the  above  preliminary  report  the  Committee  de- 
sires to  receive,  from  members  of  the  Society  and  others  inter- 
ested in  the  subject,  written  discussions  and  criticisms  of  the 
recommendations.  It  is  requested  that  if  changes  are  suggested 
they  be  worded  so  that  they  may  be  inserted  without  modification 
in  the  revised  report.  When  the  preliminary  report  has  been 
fully  discussed  and  criticised  the  Committee  will  make  a  final 
revision  for  publication  in  the  Transactions. 
Respectfully  submitted, 

Wm.  Kent,  Chairman  ^         committee 
J.  R.  BiBBiNS  (   ^^  standardization 

M.  L.  CooKE  Catalogues 

W.  B.  Snow  J 


REPORT   OF   THE    COMMITTEE   ON   STANDARD 
CROSS-SECTIONS  AND   SYMBOLS 

We,  the  undersigned  committee  appointed  by  the  President 
under  the  direction  of  the  Council,  to  take  up  the  matter  of 
cross-sections  and  symbols,  as  suggested  in  a  paper  presented  at 
the  annual  meeting  of  the  Society  in  December  1911,  beg  leave 
to  report  that  we  have  held  meetings,  have  also  carried  on 
our  work  by  correspondence,  and  now  convey  our  unanimous 
findings  as  below : 

We  strongly  believe  that  there  should  be  recognition  of  a 
standard  method  of  showing  materials  in  cross-section.  There 
are  many  advantages  in  encouraging  the  use  of  standard  cross- 
sections  and  symbols.  It  is  as  easy  to  draw  an  adapted  design 
to  represent  a  specific  material  as  to  draw  any  other.  It  makes 
mechanical  drawings  easier  to  read  and  understand,  and 
diminishes  the  danger  of  interpreting  their  meaning  wrongly. 

We  do  not  believe  it  wise  to  complicate  the  matter  by  adopting 
too  many  standard  cross-sectionings  or  symbols.  We  believe 
that  it  would  be  best  to  have  standard  cross-sections  for  the  most 
commonly  used  materials,  and  that  these  should  be  of  such  a 
character  as  to  permit  of  subdivision,  if  found  desirable. 

To  this  end,  we  propose  the  use  of  standard  cross-sections  to 
I'cpresent  nineteen  materials  as  shown  on  Fig.  1,  viz.,  cast-iron, 
wrought- iron,  cast-steel,  wrought-steel,  babbitt  (or  white  metal), 
copper  (brass  or  composition),  aluminum,  rubber  (vulcanite  or 
insulation),  glass,  wood,  water,  puddle,  concrete,  brick,  rubble, 
ashlar,  rock,  earth  and  sand.  To  facilitate  the  drawing  of  cross 
sections,  the  committee  have  used  the  same  thickness  for  all  lines 
made  with  the  drawing  pen. 

On  some  drawings  it  mav  be  desired  to  specify  a  material 
other  than  those  mentioned  above,  or  some  particular  kind  of  ma- 
terial which  the  above  generic  names  would  not  clearly  indicate. 
To  cover  this  contingency,  we  recommend  writing  the  name  of 
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such  material  on  the  section  and  cross-hatching  the  section,  a^ 
shown  on  Fig.  1  under  the  title  Other  Materials. 

We  recommend  that  subdivisions  of  any  of  the  materials  shown 
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Fig.   1     Recommended  Standard  Cross-Sections 


generically  on  Fig.  1,  should  be  made  by  taking  one  of  these 
standard  cross-sections  as  a  basis  and  making  minor  changes, 
but  maintaining  the  general  characteristics ;  or  by  writing  on  the 
standard  section  the  name  of  the  material.     To  illustrate,  the 
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committee  have  subdivided  concrete  into  concrete-blocks,  cyclo- 
pean-concrete  and  reinforced-concrete,  as  shown  on  Fig.  2,  and 
also  wrought-steel  into  nickel,  chrome  and  vanadium  steels. 

We  urge  the  Society  to  adopt  standard  cross-sections.  Such 
standard  cross-sections  should  be  printed  in  a  suitable  form  for 
hanging  on  walls  of  drafting  rooms  of  engineers,  architects,  and 
educational  institutions,  so  as  to  encourage  their  universal  use. 

Before  closing,  we  acknowledge  the  valued  assistance  of  Mr. 
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Fig.  2     Typical  Subdivisions 


D.  C.  Johnson  in  obtaining  data  for  the  committee  and  extend 
our  thanks  to  the  many  manufacturing  establishments,  govern- 
ment departments  and  individuals  who  have  sent  us  such  stand- 
ards as  are  in  use  by  them. 

Respectfully  submitted, 

H.  DE  B.  Parsons,  Chairman\ 
F.  DeR.  Furman  I  Committee  on 

A.  E.  Norton  ^Cross-Section 

Bradley  Stoughton  I   and  Symbols 

JohnIW.  Upp  / 


EXPERIMENTS   WITH    NORTH  DAKOTA  LIG- 
NITE IN  A  STEAM  POWER  PLANT  AND 
A  GAS  PRODUCER 

By  Calvin  H.  Crouch 
ABSTRACT  OF  PAPER 

The  North  Dakota  lignite  fields  cover  approximately  ouo-half  of  the 
State,  or  about  35,000  square  miles.  According  to  the  State  Geological 
Survey  report,  there  were  known  to  be  in  1908  twenty-one  workable  seams 
of  this  coal  in  the  southwestern  part  of  the  State,  varying  from  4  to  oH  ft. 
in  thickness  and  found  in  from  1000  to  1300  ft.  of  strata. 

In  this  paper  are  reported  some  preliminary  experiments  showing  the 
physical  properties  of  the  coal  and  the  results  when  subjected  to  heat  and 
the  drying  action  of  air ;  also  two  evaporative  tests  and  18  gas  producer 
power  plant  tests,  in  which  the  coal  was  used  as  it  came  from  the  mine, 
except  that  it  was  broken  so  as  to  be  cliarged  easily  into  the  gas  producer. 

The  results  of  the  evaporative  tests,  though  not  as  satisfactory  as  could 
be  desired,  were  interesting  and  instructive,  indicating  the  possibilities 
of  its  use  for  such  purposes  and  the  improvements  needed  in  furnace 
operation  to  burn  it  properly.  The  producer  plant  tests  were  highly  satis- 
factory, showing  that  the  coal  could  thus  be  utilized  without  special  treat- 
ment and  that  the  gas  operated  satisfactorily  in  the  gas  engine,  giving 
a  coal  consumption  in  some  of  the  longer  tests  of  about  6V2  lb.  of  coal  as 
fired  per  kw-hr.  at  the  switchboard  for  power  available  for  outside  pur- 
poses. If  the  power  consumed  by  the  gas  scrubber  was  reduced  to  as 
small  an  amount  as  possible  and  the  generator  had  been  operated  at  more 
nearly  its  rated  capacity,  the  results  would  have  made  a  much  better 
showing. 
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EXPERIMENTS   WITH  NORTH  DAKOTA  LIG- 
NITE IN  A  STEAM  POWER  PLANT  AND 
A  GAS  PRODUCER 

By  Calvin  II.  Crouch,  Grand  Forks,  N.  D. 
Member  of  tlie  Society 

North  Dakota  has  an  area  of  approximately  70,000  square 
miles,  of  Avhich  about  one-half  is  underlain  with  workable  seams 
of  lignite  coal,  varying  from  a  few  feet  to  85  feet  in  thickness, 
which  it  is  quite  probable  will  some  clay  exert  a  great  influence 
upon  its  manufacturing  and  engineering  industries.  According 
to  the  State  Geological  Survey  reports,  the  number  of  workable 
beds  in  southwestern  North  Dakota  in  1908  were  known  to  be  21. 
These  are  distributed  through  fronrlOOO  to  1300  ft.  of  strata  and 
range  from  4  to  35  ft.  in  thickness.  The  aggregate  thicloiess  of 
the  coal  in  these  beds  is  I571/2  ft.^  Figs.  1  and  2  show  the  way 
in  which  the  coal  crops  out". 

2  It  has  been  estimated  by  some  that  the  North  Dakota  lig- 
nite deposits  comprise  one-sixth  of  the  known  coal  deposits  of 
the  United  States,  but  their  extent  and  value  are  doubtless  un- 
appreciated, if  indeed  they  are  known,  by  the  majority  of  the 
citizens  of  the  State.  Comparatively  small  amounts  of  the  coal  are 
mined  annually,  though  the  amount  is  increasing  and  will  doubt- 
less increase  e^en  more  rapidly  as  the  people  learn  to  appreciate 
its  value  and  to  burn  it  in  such  a  manner  as  to  utilize  more  fully 
its  heat  units.  It  is  regarded  by  many  as  an  almost  worthless  fuel 
because  it  will  not  stand  shipping  in  dry,  warm  weather  without 
disintegrating  and  because  it  has  been  used  in  the  ordinary  fur- 
nace under  boilers  with  poor  results.  It  is  used  principally  at 
points  near  the  mines  for  power  and  domestic  purposes  and  with 

■N.  D.  State  Geological  Survey,  2d,  3d,  and  5th  biennial  reports. 
=N.  D.  State  Geological  Survey,  190s,  Plates  13  and  15. 
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the  present  cost  at  the  mine  and  freight  rates  and  the  present 
method  of  burning,  it  does  not  seem  able  to  compete  with  the 
cheaper  grades  of  Eastern  bituminous  coal  at  points  a  few  hun- 
dred miles  from  the  mines.  Its  use,  however,  is  increasing,  as 
shown  by  a  statement  receiA'cd  from  the  state  engineer's  office 


Fig.  1     Coal  Bed  of  the  Great  Bend  Group  exposed  on  Little  Missouri 
NEAR  the  Harmon  Ranch.     Total  Thickness  ob"  Coal,  16  Ft. 

that  271,928  tons  were  mined  in  1904,  385,882  tons  in  1910,  and 
4G(),()00  tons  in  1911. 

PEELliMINARY  EXPERIMENTS 

3  Before  presenting  and  discussing  the  results  of  the  experi- 
ments with  North  Dakota  lignite  as  a  fuel  in  a  steam  and  pro- 
ducer gas  power  plant,  the  author  will  present  the  results  of 
some  rather  simple  but  interesting  preliminary  experiments  with 
the  same  coals  as  were  used  in  the  power  plant  tests.  They  show 
the  nature  of  the  fuel  and  its  behavior  when  exposed  to  heat  and 
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to  tlie  drying  action  of  the  atmosphere  and  throw  much  light 
upon  tlie  results  obtained  in  the  power  plant  tests. 

4  The  coal  used  consisted  of  two  car  loads,  one  shipped  in 
January  1911,  from  Williston,  N.  D.,  here  designated  as  coal 
No.  1,  and  a  second  from  Wilton,  N.  D.,  shipped  in  August 
1911,  referred  to  as  coal  No.  2. 

5  Three  samples  of  coal  No.  1,  weighing  about  14  lb.  each, 
were  taken  from  different  sections  of  the  pile  and  weighed,  sub- 
merged in  water  for  48  hours  and  again  weighed.  The  gain  in 
weight  was  but  a  fraction  of  1  per  cent,  indicating  that  the  coal 
was  practically  saturated  with  water  when  mined  as  it  was 
shipped  in  cold  weather  and  couhl  not  have  given  up  or  taken  up 
much  moisture  in  transit. 

6  Coal  No.  2  was  shipped  in  August  1911,  and  was  stored 
out  of  doors  until  needed  for  the  tests.  It  was  exposed  to  the 
elements  during  the  summer  and  fall  and  naturally  gave  up  some 
of  its  surface  moisture,  but  the  coal  in  the  interior  of  the  pile 
was  quite  wet  in  the  winter  when  the  tests  were  made.  A  block 
of  this  coal  weighing  12  lb.  10  oz.,  which  was  taken  from  a  point 
2  ft.  beneath  the  surface  of  the  pile,  submerged  in  water  for  48 
hours  and  again  weighed,  gained  14  oz.,  or  6.9  per  cent  in  weight. 
The  author  was  not  present  when  coal  No.  2  was  received,  hence, 
samples  were  not  taken  at  that  time. 

7  To  show  the  readiness  with  which  the  lignite  gives  up  its 
moisture,  four  samples  weighing  respectively  30,  38^/2,  74  and  83 
lb.  were  taken  from  coal  No.  2  and  placed  in  a  room  on  Marcli 
16,  1912,  and  weighed  from  time  to  time.  During  the  first  week, 
the  temperature  was  about  60  deg.  fahr.  and  during  the  remain- 
der of  the  time  about  70  deg.  On  March  18,  the  coal  had  given 
up  2.43  per  cent  of  its  Aveight,  on  March  20,  3.76  per  cent,  on 
March  21,  6.09  per  cent,  on  March  27,  9.2  per  cent,  April  1,  11.31 
per  cent  and  on  April  16,  12.63  per  cent.  Figs.  3,  4,  5  and  6  were 
taken  of  these  four  samples  on  March  18,  20,  27  and  April  16  and 
show  the  way  in  which  the  coal  disintegrated  as  it  dried.     Fig. 

7  shows  the  results  after  these  four  samples  had  been  dropped 

8  ft.  upon  a  concrete  floor,  and  indicates  that  when  the  coal  is 
dry  it  is  very  friable. 

8  To  show  how  the  coal  disintegrates  when  stored  for  some 
time  under  cover,  on  April  6,  1912,  a  sample  of  100  lb.  was  taken 
from  a  bin  inside  the  building  which  had  been  filled  with  coal 
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No,  2  since  August  1911.  The  Win  contained  about  4  tons.  A 
small  proportion  of  tlie  coal  (perhaps  one-sixth)  was  in  large 
chunks  ready  to  fall  into  pieces  with  a  light  blow.  The  coal 
had  been  pulverized  somewhat  by  firemen  in  shoveling  it 
from  the  bin.  However,  neglecting  the  large  chunks,  the  sample 
was  a  fair  average  of  the  coal.  This  sample  was  screened  suc- 
cessively on  sieves  with  l^  in.,  14  in.  and  I/2  in.  mesh;  that 
which  remained  on  the  finer  sieve  was  screened  on  the  next 
coarser.  Of  the  coal  261/2  per  cent  passed  through  the  screen 
with  the  Vs  in.  mesh,  24i/^  per  cent  passed  through  the  screen 
with  the  14  in.  mesh,  18  per  cent  passed  through  the  screen  with 
the  Vo  in.  mesh  and  31  per  cent  remained  on  the  last.  All  would 
have  passed  through  a  21/^  in.  ring. 

9  Numerous  proximate  analj^ses  were  made,  the  results  of 
which  showed  the  green  coal  to  contain  approximatelj^  35  per 
cent  of  moisture,  and  the  dry  coal  to  contain  approximately  43 
per  cent  of  volatile  matter,  50  per  cent  of  carbon  and  from  7  to 
9  per  cent  of  ash.  Difficulty  was  experienced  in  determining  the 
percentage  of  moisture.  It  was  finally  decided  to  call  that  mois- 
ture which  was  driven  off  at  a  temperature  below  240  deg.  fahr. 
It  was  thought  that  some  of  the  volatile  matter  was  driven  off 
at  temperatures  slightly  above  that.  It  was  readily  seen  that 
gases  were  driven  off  at  comparatively  low  temperatures  as 
shown  by  the  analytical  balance  and  by  the  odors  given  off. 

10  North  Dakota  lignite  is  classed  as  one  of  the  youngest 
coals.  In  appearance  it  is  black  when  freshly  mined,  but  as  it 
dries,  it  becomes  lighter  in  color  and  is  often  a  dark  brown.  Be- 
fore it  has  become  sufficiently  dr}^  to  disintegrate,  it  somewhat 
resembles  charcoal  in  that  it  frequently  shows  very  clearly  the 
grain  of  the  wood  and  knots  of  the  trees  from  which  the  coal  has 
been  formed;  but  upon  drying  it  cracks  both  with  and  at  right 
angles  to  the  grain  as  seen  in  Figs.  3-7.  The  line  of  cleavage 
in  breaking  is  along  the  grain.  Occasionally  a  piece  will  be 
found  which  has  lost  its  grain  and  at  fracture  resembles  anthra- 
cite in  appearance,  having  a  luster,  but  this  disappears  as  the 
moisture  is  driven  oft. 

11  From  these  preliminary  experiments,  it  will  be  seen  that 
this  fuel  may  contain  (a)  large  quantities  of  moisture,  the  two 
coals  analyzed  containing  over  35  per  cent  of  moisture,  which  is 
readily  given  up,  causing  the  coal  to  crack  and  disintegrate;  (b) 


1928  EXPERIMENTS   WITH   NORTH   DAKOTA   LIGNITE 


Flu.  o     Coal  after  being  2  Days  inside  ob'  Buildinc; 


Fig.    t     Coal  after  being  4  Days  inside  of  Building 


Fig.  5     Coal  after  being  11  Days  inside  of  Building 
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large  proportions  of  volatile  matter,  some  of  which  is  driven  off 
at  comparatively  low  temperature;  and  (c)  a  small  percentage 
of  ash.  These  characteristics  are  very  important  and  must  be 
taken  into  consideration  when  designing  furnaces  and  gas  pro- 
ducers to  utilize  it.    In  the  furnace  it  disintegrates  and  if  burned 


Fig.  6    Coal  after  being  31  Days  inside  of  Building 


Fig.  7     Samples  of  Coal  after  falling  8  Ft.  upon  a  Concrete  Floor 


on  grates  suitable  for  a  coking  coal,  it  will,  when  heated  to  red. 
run  through  the  grate  like  so  much  coarse  sand,  especially  if  it 
be  disturbed  with  a  slice  bar.  Thus  it  will  be  seen  that  it  should 
be  burned  on  a  grate  with  small  openings  and  with  a  strong- 
draft,  for  when  it  disintegrates  it  settles  or  packs  down,  restrict- 
ing the  air  passages.  One  would  also  expect,  since  it  contains  a 
large  proportion  of  volatile  matter,  that  fire-brick  arches  or 
dutch  ovens  would  be  desirable  in  burning  it  under  boilers. 
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12  An  appreciation  of  these  important  properties  and  char- 
acteristics shown  by  the  preliminary  experiments  will  help  in 
understanding  the  difficulties  experienced  in  conducting  the 
evaporative  and  gas  producer  tests  and  interpreting  the  results. 

EVAPORATIVE    TESTS 

13  Evaporative  tests,  using  North  Dakota  lignite  under  the 
boilers,  were  made  in  the  mechanical  lalxjratorv  of  the  College  of 
Mechanical  and  Electrical  Engineering  at  the  State  University 
of  North  Dakota.  This  plant  consisted  of  two  70-h.p.  horizontal 
fire  tubular  boilers,  one  of  which  was  equipped  with  a  Detroit 
automatic  stoker  and  a  dutch  oven  7  ft.  long  projecting  out  in 
front  of  the  boiler,  while  the  other  was  provided  with  an  or- 
dinary furnace  and  rocking  grates  which  were  suitable  for  burn- 
ing eastern  bituminous  coals.  After  several  preliminary  experi- 
ments, this  last-mentioned  furnace  was  modified  by  placing 
fire-brick  arches  or  tiles  over  three-fourths  of  the  grate  and  by 
substituting  perforated  plates  for  the  rocking  grates,  the  per- 
forations being  ^  in.  in  diameter  and  35  per  cent  of  the  area  of 
the  grate. 

14  The  plant  was  provided  with  natural  draft  which  was 
adequate  when  burning  Eastern  bituminous  coal  to  drive  the 
boilers  much  beyond  their  rated  capacities,  but  which  proved 
inadequate  when  burning  lignite.  Several  tests  were  conducted, 
varying  from  four  to  ten  hours  in  duration.  While  they  were 
unsatisfactory  in  that  the  boilers  could  not  be  driven  at  their 
rated  capacities,  they  indicated  conclusively  that  a  much  stronger 
draft  would  be  necessary  to  keep  the  furnaces  at  a  white  heat 
and  to  force  the  boilers  to  their  I'ated  capacities.  A  small  fan  was 
available  for  producing  a  forced  draft.  It  was  not  large  enough 
to  supply  the  necessary  pressure  but  served  its  purpose  for,  with 
it,  the  furnace  could  be  kept  at  a  white  heat,  which  was  impossible 
without  it.  It  was  not  thought  advisable,  however,  to  drive  the 
fan  at  the  necessary  high  speed  for  any  considerable  time  and  the 
results  obtained  with  natural  draft  had  to  suffice.  The  author, 
cashing  to  confirm  the  results  secured  in  1911  by  the  students, 
conducted  three  tests  in  the  spring  of  1912,  with  about  the  same 
experience  and  results.  Funds  were  not  available  at  the  time 
for  the  installation  of  an  induced  draft  so  that  elaborate 
tests  were  not  undertaken,  the  experiments  being  valuable  chiefly 
because  of  the  experience  and  knowledge  gained.    It  was  clearly 
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(leiuoiistrated  that  with  a  dutch  oven  and  a  mechanical  stoker 
with  proper  draft  conditions,  the  coal  can  be  economically  utili- 
zed in  a  steam  power  plant. 

15  Table  1  gives  the  more  important  ec(momic  results  ob- 
tained from  these  preliminary  evaporative  tests.  For  compari- 
son the  average  of  the  results  of  15  tests  made  by  the  U.  S. 
Bureau  of  Mines,  wdth  this  coal  in  a  specially  constructed 
furnace  has  also  been  included.^ 


TABLE   1      EVAPORATIVE  TESTS 
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16  It  will  be  noted  that  although  the  boilers  were  forced  as 
hard  as  possible  in  the  tests  conducted  by  the  author,  they 
developed  only  from  54.7  to  67  per  cent  of  the  builders'  rated 
capacity.  In  burning  the  coal  on  the  chain  grates  under  water 
tube  boilers  in  the  university  power  ])lant  which  had  natural 
draft,  a  similar  experience  resulted.  The  experiment  was  begun 
with  the  furnace  at  a  white  heat,  but  as  the  lignite  was  fed  into 
the  furnace  the  fire-brick  arches  and  tile  on  the  water  tubes 
cooled  to  a  much  lower  temperature  and  the  boiler  could  not  be 
driven  at  anything  like  its  normal  rating. 

17  An  induced  draft  system  was  recently  installed  in  the 
university  power  plant,  and  an  induced  draft  apparatus  has  been 
ordered  for  the  experimental  plant  in  the  mechanical  laboratory 

1  Bulletin   Xo.  2,   Bureau  of  Mines,  pp.    18,    19. 
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which  will  be  capable  of  giving  almost  any  amount  of  draft  that 
may  be  desired  in  connection  with  a  series  of  tests  which  will 
doubtless  be  conducted  in  the  near  future. 

GAS   PRODUCER  TESTS 

18  Experiments  with  North  Dakota  lignite  in  the  gas  pro- 
ducer were  conducted  in  the  same  laboratory,  the  object  being  to 
determine  the  feasibilit}^  of  using  this  fuel  in  a  producer  gas 
power  plant. 

APPARATUS 

19  The  experimental  plant  consisted  of  a  50-h.p.  Smith  suc- 
tion down-draft  gas  producer  and  a  55-h.p.  Alberger  tandem 
pT'oducer  gas  engine  belted  to  a  dynamo.  The  scrubber  was 
driven  by  an  independent  motor.  In  the  tests  of  1911,  the  jacket 
and  scrubbing  water  was  supplied  from  the  city  mains  but  for 
the  1912  tests  a  motor-driven  triplex  pump  was  installed  so  that 
the  cost  in  power  of  supplying  this  water  could  be  determined. 
In  the  1911  tests,  the  dynamo  used  to  load  the  engine  was  a 
25- kw.  direct-current  machine,  but  for  the  subsequent  tests  a 
45- kw.  direct-current  three-wire  generator  with  compensating 
coils  was  installed  so  as  to  be  able  to  load  the  engine  to  its  maxi- 
mum capacity.  Fig.  8  shows  a  sectional  view  of  the  gas  producer 
and  Fig.  9  a  sectional  view  of  the  engine. 

]\IETHOD   OF   LOADING   THE   ENGINE 

20  The  engine  was  loaded  by  means  of  a  dynamo  which  sup- 
plied current  to  the  university  light  and  power  circuit  and  also 
to  a  water  rheostat  which  could  be  used  when  there  was  not 
sufficient  demand  otherwise  for  power  to  utilize  all  that  was  pro- 
duced. The  dynamo  was  so  connected  that  current  could  be  taken 
from  the  main  line  to  drive  the  generator  as  a  motor  in  starting  up 
the  engine.  This  made  a  simple  and  very  satisfactory  way  of 
starting  the  engine  which,  when  started,  would  speed  up,  increas- 
ing the  generated  electromotive  force,  and  cause  the  motor  to 
become  a  generator  supplying  current  to  the  line,  the  load  carried 
by  the  dynamo  being  governed  by  the  voltage  which  was  con- 
trolled by  a  hand-regulated  field  rheostat. 

21  The  generator  used  during  the  tests  Nos.  1-8  inclusive  was 
an  old  25-kw.  direct-current  generator  formerly  used  in  the 
university  lighting  plant;  in  tests  Nos.  9-18  inclusive  a  new  Fort 
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6a5  fv  Engine 


Fig.  8    Sectional  View  of  Gas  Pkoducer 
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Wayne  machine.  This  machine  started  up  nicely  but  before 
test  No.  12  had  been  finished,  the  commutator  had  become 
M'arped  or  out  of  true,  causing  much  sparking  at  the  brushes. 
This  was  remedied,  however,  before  test  No.  13  was  run  by  turn- 
ing down  the  commutator,  after  which  it  gave  no  trouble. 

METHOD    OF    DETERMINING    THE    POWER    GENERATED,    AND    COAL    CON- 
SUMED 

22     The  power  delivered  to  the  Switchboard  by  the  generator 
was  measured,  and  the  coal  consumed  per  kw-hr.  at  the  switch- 


FiG.  9     Longitudinal  Section  of  Gas  Engine 


board  determined.  It  was  the  original  intention  to  determine  the 
efRciency  of  the  generator  so  as  to  get  the  total  power  developed 
by  the  engine,  but  time  did  not  permit  before  the  armature  of 
the  generator  was  needed  to  replace  a  burned-out  armature  in 
a  motor  in  the  university  power  plant,  so  that  the  windage,  fric- 
tion and  internal  losses  of  the  generator  used  in  1911  could  not  be 
obtained.  However,  since  the  machine  was  loaded  to  nearly  its 
rated  capacity  most  of  the  time,  it  was  assumed  in  determining 
the  brake  horsepower  of  the  engine  that  the  generator  had  an 
efficiency  of  90  per  cent  and  that  the  belt  ti'ansmission  gave  an 
efficiency  of  98  per  cent,  both  of  which  are  probably  higher  than 
their  true  value. 

23  As  no  means  was  at  hand  for  measuring  or  determining 
the  amount  of  Avater  used  by  the  engine  jackets  or  the  gas  scrub- 
ber in  the  tests  of  1911,  accurate  records  of  the  power  used  by  the 
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scrubber  were  not  taken.  To  determine  the  net  power  available 
for  outside  purposes,  it  would  be  necessary  to  charge  against 
such  a  plant  all  of  the  power  consumed  by  the  auxiliary  ap- 
paratus. Fortunately  funds  were  available  in  the  fall  of  1911  so 
that  a  motor-driven  triplex  pump  was  installed  to  supply  the 
jacket  and  scrub  water,  also  a  more  efficient  motor  was  installed 
for  driving  the  scrubber.  In  determining  the  net  power  avail- 
able for  outside  purposes  in  the  tests  of  1911,  it  was  assumed 
that  the  power  consumed  by  the  auxiliaries  was  the  same  as  dur- 
ing the  tests  of  1912  when  apparatus  was  available. 

24  In  determining  the  power  developed  by  the  engine  in  the 
tests  of  1912,  it  was  assumed  that  the  belt  transmission  gave  an 
efficiency  of  98  per  cent.  The  losses  in  the  generator  were  deter- 
mined by  experiments  in  which  the  windage,  friction,  iron  and 
copper  losses  were  carefully  determined  and  curves  plotted  show- 
ing the  efficiency'  of  the  generator  at  various  loads.  The  low  ef- 
ficiency of  the  generator  may  doubtless  be  explained  by  the  fact 
that  the  machine  was  developing  but  little  more  than  50  per  cent 
of  its  rated  capacity. 

25  In  determining  the  coal  used  during  the  test,  care  was 
taken  that  the  producer  was  full  when  the  test  began  and  when 
it  ended.  The  coal  charged  in  the  meantime  was  considered  as 
the  coal  used  during  the  test.  Before  starting  up  the  blower  for 
the  next  test,  the  producer  was  poked  to  make  sure  there  were 
no  large  voids  and  filled  as  before.  The  coal  charged  at  this  time 
was  called  the  "  standover  "  losses.  A  similar  method  was  fol- 
lowed after  fire  had  been  "  blown  up  "  and  the  amount  needed  to 
fill  the  producer  just  before  starting  the  test  was  called  tho 
"  starting-up  "  losses. 

COAL   AND   GAS    ANALYSES 

26  At  the  beginning  of  the  first  series  of  tests,  Nos.  1-8,  Table 
2.  the  apparatus  for  analyzing  the  gases  was  broken  so  that  but 
one  analysis  of  the  gas  of  these  eight  tests  was  made.  Proximate 
analyses  of  the  coal  used  in  each  test  were  made  to  determine  the 
moisture.  In  the  second  and  third  sets  of  experiments,  or  those 
conducted  in  1912,  a  complete  analysis  of  the  gases  was  made. 
The  incomplete  determinations  of  CO2,  O  and  CO  were  made 
with  the  Orsat  flue  gas  apparatus.  It  is  interesting  to  note  that 
the  composition  of  the  two  coals  was  almost  identically  the  same. 
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DESCRIPTION    OF    TESTS 

'27  Test  Nos.  1-8  inclusive  were  coiuhicted  at  inter\als  of  from 
one  to  two  weeks  apart.  After  a  test  had  been  run,  the  producer 
was  filled  and  enough  coal  brought  into  the  building  during  the 
folloAving  week  to  run  the  next  test.  This  enabled  much  of  the 
coal  to  thaw  out,  though  frequently  coal  w-as  charged  into  the 
producer  in  the  frozen  state.  The  coal  used  in  test  No.  4,  how- 
ever, had  been  in  the  boiler  room  for  some  weeks  which  caused 
it  to  be  much  drier  than  that  used  in  the  other  seven  tests, 
but  the  author  is  inclined  to  believe  that  the  16  per  cent  moisture 
recorded  is  much  too  small.  It  is  possibly  due  to  poor  sampling 
or  to  the  loss  of  moisture  between  date  of  sampling  and  date  of 
analyzing. 

28  These  tests  were  conducted  with  the  idea  of  getting  the 
maximum  power  possible  out  of  the  engine,  but  the  capacity  of 
the  generator  limited  this,  while  tests  Nos.  8-12  were  planned  to 
determine  the  efficiency  of  a  plant,  such  as  an  electric  light  plant 
where  the  load  Avould  be  variable  and  the  plant  operating  from 
but  6  to  12  hours  per  day,  standing  idle  the  remainder  of  the 
24  hours.  For  this  reason,  little  effort  was  made  to  keep  the  load 
uniform.  Ammeter  and  voltmeter  readings  were  taken  at  half- 
hour  intervals,  but  the  power  consumed  during  these  four  test^: 
was  measured  by  means  of  a  carefully  calibrated  Avatt-hour 
meter.  The  power  developed  during  tests  Nos.  1-8  was  deter- 
mined from  the  ammeter  and  voltmeter  readings  which  were 
taken  every  15  minutes;  during  tests  Nos.  13-18  inclusive, 
the  power  was  likewise  determined  but  the  readings  were  taken 
at  intervals  of  20  minutes  each,  the  loads  in  tests  Nos.  1-8 
and  in  13-18  being  kept  as  nearly  uniform  and  as  large  as  seemed 
feasible. 

TROUBLES   EXPERIENCED 

29  It  was  observed  that  at  the  engine  throttle,  in  the  scrubber 
suction  and  in  the  pit  beneath  the  grate  of  the  producer,  the  suc- 
tion increased  as  the  tests  progressed,  apparently  due  to  fine  ash 
and  clinkers  closing  up  the  air  passages.  This  would  restrict 
the  gas  at  the  engine  causing  its  speed  to  reduce,  which  in  turn 
would  lower  the  voltage  and  cause  the  load  to  be  thrown  off  auto- 
matically. 

30  On   one   occasion   the   suction   became  so   great   that   air 
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was  pulled  down  through  the  ash  conveyor  into  the  bottom  of  the 
producer,  with  a  resulting  explosion  that  shook  the  fire  up 
violently,  blowing  much  fine  ash  out  through  the  top  of  the  cen- 
tral tube,  which  happened  to  be  open.  The  engine  automatically 
threw  otf  its  load,  the  dynamo  operating  as  a  motor  driving  the 
engine  until  the  spent  gases  had  been  exhausted,  when  the  en- 
gine immediately  speeded  up  and  took  on  its  normal  load.  The 
suction  at  the  different  parts  of  the  plant  was  greatly  reduced 
after  this  explosion  so  that  it  operated  satisfactorily  during  the 
remainder  of  the  test. 

31     Another  source   of  trouble  was  that  the  strong  suction 
would  pull  nsh  and  fine  particles  of  coal  over  into  the  bottom  of 


Fig.  10     Clinkers  taken  from  Gas  Producer 


condensing  chamber  which  gradually  became  clogged  and  finally 
shut  off'  the  supply  of  gas  with  the  natural  results. 

32  It  is  possible  that  with  more  experience  the  producer 
might  be  operated  to  fuse  practicall}'^  all  of  the  ash  into  large 
clinkers,  which  could  be  removed  through  the  top  of  the  central 
tube  of  the  producer.  A  large  part  of  the  ash  was  thus  fused 
but  evidently  enough  escaped  to  cause  trouble.  Fig.  10  shows 
some  of  the  clinkers  removed. 

33  The  disintegrating  action  of  the  coal  when  subjected  to  a 
high  temperature  caused  the  coal  to  settle  down  and  the  bed  to 
become  dense  with  restricted  air  passages,  which  also  tended  to 
increase  the  suction.  Violent  shaking  of  the  grate  seemed  to  help 
reduce  this  high  suction  and  occasionally  the  suction  would  drop 
to  but  a  few  inches  when  large  clinkers  were  removed. 

34  It  was  observed  in  conducting  the  preliminary  tests  of 
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1912  when  running  tests  on  successive  days  using  fuel  with  a 
large  percentage  of  moisture,  that  the  engine  would  satisfactorily 
carry  its  load  during  the  first  five  or  six  hours  and  then  the  fire 
would  become  chilled  and  the  gas  so  poor  that  the  engine  would 
scarcely  run  with  no  load.  It  was  also  observed  when  this  hap- 
pened that  the  fire  in  the  producer  had  burned  unevenly,  being 
hotter  on  one  side  than  on  the  other,  doubtless  allowing  air  to 
pass  down  through  the  bed  without  burning  the  coal.  This  ac- 
tion can  perhaps  be  explained  by  the  fact  that  the  coal  which  had 
stood  in  the  producer  over  night  had  become  sufficiently  dry  to 
burn  satisfactorily  and  that  the  trouble  began  when  the  fresh 
coal  charged  during  the  test  reached  the  fire  zone,  chilling  the 
fire  because  of  its  large  amount  of  moisture  and  causing  it  prac- 
tically to  die  out  in  certain  sections  and  to  become  black  at  the 
lower  end  of  the  central  tube  where  the  fire  was  usually  bright 
wiien  operating  under  normal  conditions. 

35  The  trouble  is  one  that  can  be  easily  overcome  either  by 
drying  the  coal  before  shipping  from  the  mine  or  by  storing  it 
for  a  few  weeks  in  a  dry,  warm  place  where  it  will  readily  give 
up  a  large  part  of  its  moisture. 

REMARKS 

36  The  starting  and  standover  losses  of  the  producer  plant 
were  surprisingly  small.  From  a  number  of  records  made,  it 
was  estimated  that  the  starting-up  losses  did  not  exceed  50  lb. 
even  when  the  producer  had  been  standing  idle  for  one  or  two 
weeks  and  required  35  to  45  minutes  to  get  good  gas.  The  start- 
ing-up losses  when  the  producer  was  operated  on  successive  days 
were  much  less  as  good  gas  would  be  delivered  at  the  engine  in 
from  10  to  20  minutes  from  the  time  the  blower  was  started.  The 
engine  would  often  carry  full  load  within  15  or  20  minutes  after 
starting  the  blower. 

37  The  standover  losses  for  fourteen  different  observations 
covering  867  hours  amounted  to  3043.5  lb.  or  an  average  of  3.3 
lb.  per  hour.  The  periods  of  standover  varied  from  12  to  300 
hours,  the  standover  losses  for  the  short  periods  being  more 
per  hour  than  for  the  long  periods.  Taking  777  hours  of  the 
longer  standover  periods,  the  average  per  hour  of  the  standover 
losses  was  but  1.92  lb.  per  hour.  Comparing  the  starting-up  and 
standover  losses  of  the  producer  gas  plant  with  those  of  a  steam 
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plant,  the  author  believes  the  former  has  a  decided  advantage 
over  the  latter. 

38  It  should  also  be  borne  in  mind  that  a  commercial  plant 
would  doubtless  be  much  larger  than  this  experimental  plant 
and  would  give  correspondingly  better  results.  Furthermore, 
it  is  quite  possible  that  the  power  consumed  in  scrubbing  the 
gas  was  much  larger  than  was  necessary,  as  it  was  feared  trouble 
would  arise  from  tar  getting  into  the  engine. 

39  Doubtless  a  larger  amount  of  scrub  water  was  used  than 
was  necessary,  thus  greatly  increasing  the  amount  of  power  con- 
sumed in  scrubbing  the  gas.  The  amount  of  power  consumed  by 
the  scrubber  could  be  doubled  or  trebled  simply  by  increasing  the 
quantity  of  scrub  water  used.  No  trouble  was  experienced,  how- 
ever, from  tar  getting  into  the  engine  cylinders.  The  cylin- 
der head  of  the  engine  was  removed  for  inspection  from 
time  to  time.  A  small  amount  of  gummy  substance  adhered  to 
the  counterbore  of  the  cylinder  but  the  cylinder  barrel  was  well 
lubricated.  It  was  thought  that  the  substance  adhering  to  the 
counterbore  was  largely  cylinder  oil  and  carbon  partially  burned, 
but  it  may  have  been  partially  burned  tar.  In  either  event,  there 
was  not  enough  to  cause  the  piston  rings  to  stick  or  leak  or  to 
interfere  with  the  action  of  the  admission  and  exhaust  valves. 

40  A  lengthy  discussion  comparing  the  economic  results  of 
the  coal  consumed  per  brake  horsepower  or  per  kw-hr.  at  the 
switchboard  with  the  amounts  required  by  steam  plants  of 
similar  size  is  not  necessary.  It  should  be  apparent  to  all  that 
the  cost  of  power  in  terms  of  pounds  of  lignite  per  b.h.p.  or 
per  Irw-hr.  at  switchboard  is  much  less  than  it  would  have  been 
in  a  steam  power  plant  of  like  size. 

41  None  of  those  interested  in  these  tests  was  familiar  with 
the  operation  of  gas  producers  so  that  all  had  much  to  learn 
about  the  care  and  manipulation  of  the  plant.  Doubtless  much 
better  results  would  have  been  secured  by  those  experienced  in  the 
handling  of  this  type  of  plant.  The  author,  however,  feels 
gratified  with  the  results  for  it  should  be  expected  that  with 
more  experience  in  handling  the  producer  a  much  better  economy 
would  be  obtained. 
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AXIOMS  CONCERNING  MANUFACTURINCx 

COSTS 

By  Henry  R.  Towne 
BRIEF 

In  a  paper  entitled  The  Enginner  as  an  Economist,  contained  in  Volume  7 
of  the  Transactions,  1886,  by  the  present  writer,  is  the  following  statement: 

"To  insure  the  best  results,  the  organization  of  productive  labor  must  be 
directed  and  controlled  by  persons  having  not  only  good  executive  ability,  and 
possessing  the  practical  familiarity  of  a  mechanic  or  engineer  with  the  goods  pro- 
duced and  the  processes  employed,  but  having  also,  and  equally,  a  practical 
knowledge  of  how  to  observe,  record,  analyze  and  compare  essential  facts  in  rela- 
tion to  wages,  suppUes,  expense  accounts,  and  all  else  that  enters  into  or  affects 
the  economy  of  production  and  the  cost  of  the  product." 

The  following  paper  attempts  to  sum  up  the  results  of  modern  experience  in 
these  matters,  and  to  state  the  views  now  generally  held  concerning  the  funda- 
mental principles  which  underhe  industrial  accounting.  The  conclusions  reached 
are  embodied  in  the  Axioms;  the  arguments  on  which  the  latter  are  based  are 
contained  in  the  intermediate  text. 
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AXIOMS  CONCERNING  MANUFACTURING 

COSTS 

By  Henry  R.  Towne,  New  York 

Member  of  the  Society 

Three  factors  enter  into  the  cost  of  each  and  every  article  of 
manufacture;  namely,  materials,  labor  and  expenses.  These  con- 
stitute a  tripod,  a  three-legged  stool,  which  cannot  stand  if  one  of 
these  legs  be  omitted.  They  may,  and  do,  vary  in  dimension,  but 
all  three  are  invariably  present,  and  a  ''cost"  which  omits  any  one 
of  them  is  incomplete  and  fallacious.    The  formula  is 

L-\-M-\-E  =  C 
in  which  L  represents  labor,  M  materials,  E  expenses  and  C  cost.  In 
this  primary  division  the  item  "labor"  includes  all  labor  entering 
directly  into  the  product,  the  item  "material"  all  material  entering 
directly  into  the  product,  and  the  item  "expenses"  (often  called 
overhead  charges,  or  simply  overheads)  all  other  labor,  material  and 
expenditures  of  every  kind  whatsoever. 

Axiom  1     Every  cost  includes  three  fundamental  factors:  labor, 
material,  expenses. 
2     In  most  cases,  however,  the  expenses,  or  overheads,  divide 
naturally  into  two  groups: 

a  Manufacturing  expenses,  those  incident  to  the  operation  of 
the  factory  or  mill;  that  is,  those  incurred  in  utilizing 
productive  labor  and  material,  and  in  bringing  the  pro- 
duct up  to  the  point  where  it  is  ready  to  be  sold. 
b  Commercial  expenses,   those  incident  to  the  commercial 
department   of  the   business,   including  administration, 
salesmen,  advertising,  office  expenses,  etc.;  that  is,  those 
incurred  in  distributing  and  selling  the  finished  product. 
It  is  highly  expedient,  that  these  two  should  be  segregated,  so  that 
each  may  be  studied  separately. 
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Axiom  2     The  expense  factor  should  be  split  into  two  parts: 
manufacturing,  commercial. 

3  Letting  the  symbol  Me  represent  the  former,  and  the  symbol 
Ce  the  latter, 

L+M+Me+Ce  =  C 
But  a  more  convenient  and  indicative  form  of  presenting  these  ele- 
mentary facts,  one  which  the  writer  has  used  for  many  years,  is  the 
following : 

L  =  productive  labor 

M  =  productive  material 

PC  =  prime  cost 

Me  =  manufacturing  expenses 

SC  =  shop  cost 

Ce  =  commercial  expenses 

AC  =  actual  cost 

4  If  preferred,  the  foregoing  facts  may  be  expressed  by  the  fol- 
lo^^^-ng  formulae: 

L  -\-M  =PC  or  prime  cost 
PC+Me  =  SC  or  shop  cost 
SC -\-Ce  =  AC  or  actual  cost 

Axiom  3    A  manufacturing  cost  has  three  phases:  prime  cost, 
shop  cost,  actual  cost. 

5  On  the  appreciation  and  intelligent  use  of  these  facts  hang  all 
the  laws  of  good  business  and  the  profits,  for  no  business  can  long 
be  operated  successfully  without  a  correct  knowledge  of  costs,  nor 
can  that  be  had  without  a  clear  grasp  of  fundamental  principles. 
The  competitor  most  to  be  feared,  while  he  lasts,  is  one  who  does 
not  know  his  costs,  nor  understand  how  to  obtain  them. 

Axiom  4    Accurate  cost  information  is  vital  to  good  manage- 
ment. 

6  Simple  as  are  these  elementary  principles,  their  correct  ap- 
plication in  each  given  case  is  diJQftcult,  and  calls  for  great  care  and 
intelligence.  To  draw  correctly  the  line  between  productive  and 
non-productive  labor  and  material,  through  each  of  the  successive 
stages  of  a  productive  industry,  requires  the  combined  skill  of  the 
expert  manufacturer  and  the  expert  industrial  accountant;  the 
former  knowing  accurately  all  the  details  of  the  manufacturing  or 
productive  processes,  and  the  latter  knowing  equally  the  proper 
methods  of  combining  and  using  the  recorded  facts  to  yield  the 
desired   information.      For   example,    what    constitutes   productive 


HENRY    R.    TOWNE  1947 

labor?  In  the  case  of  a  machinist  operating  a  lathe  clearly  it  in- 
cludes his  wages  while  his  lathe  is  turning  out  product  and  also 
while  it  is  standing  still  during  the  time  he  is  dressing  the  tool  to  do 
the  work  properly.  But  if  the  tool-dressing  is  done  for  him,  as  it  is 
under  good  modern  practice,  how  shall  the  time  and  wages  of  the 
tool-dresser  be  classified?  So  as  to  productive  material,  shall  the 
tool,  the  file,  the  waste,  the  oil,  which  are  consumed  or  used  up  in 
making  the  product  be  classified  as  productive  or  as  non-productive 
material?  The  answers  to  these  questions  depend  on  the  surrounding 
facts  in  each  case,  and  are  as  varied  as  the  cases  are  infinite  in  num- 
ber and  variety.  The  writer  is  not  attempting  here  to  answer  such 
questions,  but  merely  to  point  out  and  emphasize  underlying  prin- 
ciples. This  much  is  clear,  that  every  individual  item  of  expenditure, 
large  and  small,  must  ultimately  classify  under  one  of  the  three 
great  heads  above  referred  to,  labor,  materials  or  expenses,  and  that 
profit,  or  loss,  is  the  difference  between  actual  cost  and  the  net  price 
realized. 

Axiom  5    Accurate  costs  imply  the  correct  classification  of  every 
expenditure. 

7  The  distribution  of  actual  costs  among  these  heads,  or,  prefer- 
ably, into  the  four  groups  or  divisions  indicated  above,  varies  widely 
in  different  industries  and  with  different  products.  This  is  illus- 
trated by  the  following  table,  relating  to  four  distinct  lines  of  act- 
ual product,  in  which  the  several  elements  have  been  reduced  to 
terms  of  the  actual  cost  of  the  product  when  finished  and  sold. 

Nos.  12  3  4 

L  =  productive  labor 28          17  29  19 

M  =  productive  material 38          33  25  37 

PC  =  prime  cost 66          50  54  56 

Me  =  manufacturing  expenses . .  24          20  28  22 

SC  =  shop  cost "90          70  82  78 

Ce  =  commercial  expenses 10          30  18  22 

AC  =  actual  cost 100  100  100  100 

Total  expenses  (that  is,  Me+Ce)=  34          50  46  44 

8  The  figures  in  the  above  table  illustrate  the  hopeless  state  of 
mind  of  manufacturers,  some  of  whom  still  survive,  who  delude 
themselves  by  the  belief  that  the  sum  of  labor  and  materials  (prime 
cost)  represents  the  actual  cost  of  the  product,  and  that  the  dif- 
ference between  that  and  the  selling  price  is  profit.  They  show,  on  the 
contrary,  that,  in  the  four  examples  to  which  the  figures  relate,  the 
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prime  cost  constitutes  only  from  one-half  to  two-thirds  of  the  actual 
cost,  and  that  the  expenses,  or  overheads,  incident  to  conducting 
the  business  and  marketing  the  product,  contribute  from  one-third 
to  one-half  of  the  total  or  actual  cost.  It  seems  probable  that,  if  the 
facts  concerning  all  manufacturing  industries  could  be  ascertained 
and  averaged,  the  "three-legged  stool"  would  be  found  to  stand 
nearly  level,  its  three  legs  being  approximately  of  equal  length, 
although  differing  widely  in  individual  cases. 

9  All  cost  accounting  should  aim  to  segregate  charges  wherever 
this  can  be  done  accurately.  Thus  the  major  part  of  the  items 
constituting  productive  labor  and  material  can  and  should  be 
charged  directly  to  their  respective  accounts,  L  and  M. 

Axiom  6    Every  'productive  expenditure  should  be  charged  di- 
rectly to  its  proper  account. 

10  All  other  items,  however,  which  cannot  be  so  segregated  must 
be  aggregated  into  one  or  several  groups  and  their  total  apportioned 
among  the  proper  accounts  on  some  carefully  determined  but  neces- 
sarily arbitrary  basis. 

Axiom  7    All  non-productive  expenditures  should  he  properly 
grouped  for  final  distribution. 

11  Manufacturing  expenses  may  be  apportioned  as  a  ratio  or 
percentage  of  labor  L,  of  material  M,  or  of  labor  and  material  L-f  ilf . 
The  usual  bases  are  either  L  or  L-\-M.  The  writer  believes  that  in 
most  cases  the  closest  conformity  to  actual  facts  will  be  attained  by 
distributing  manufacturing  expenses  in  the  ratio  of  productive  labor, 
hand  and  machine,  because  usually  the  volume  of  indirect  expenses 
of  works  operation  will  be  far  more  influenced  by  the  pay-roll,  that 
is,  by  the  number  and  kinds  of  employees,  than  by  the  materials 
bill,  that  is,  the  amount  paid  for  the  material  of  production.  More- 
over, the  former  is  relatively  stable,  while  the  latter  fluctuates  with 
market  changes.  Therefore  it  is  advisable  that  Me  should  be  a 
function  of  L,  that  manufacturing  expenses  should  be  apportioned 
as  a  percentage  of  productive  labor,  although  in  some  cases  they 
may  properly  be  apportioned  per  machine,  or  per  unit  of  floor  space. 

Axiom  8     The  normal  basis  for  distributing  manufacturing 
expenses  is  productive  labor. 

12  Commercial  expenses  may  also  be  apportioned  as  a  percentage 
of  L,  of  M,  or  of  L-\-M,  and  frequently  are,  but  more  properly  they 
should  be  apportioned  on  the  basis  of  shop  costs,  L-{-M-\-Me.  The 
reasons  for  this  are  conclusive.    Production  and  selling  are  two  sepa- 
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rate  and  distinct  processes.  The  former  brings  the  product  to  the 
point  where  it  is  completed  and  ready  for  sale;  the  latter  then  takes 
it  over  and  effects  the  sale.  The  expenses  incurred  in  each  process 
are  for  its  use  only,  and  have  no  natural  relation  to  the  needs  and 
uses  of  the  other.  To  illustrate  this,  take  the  case  of  a  manufacturer 
of  cotton  cloth  who  sells  his  entire  product  through  a  commission 
house  or  broker.  Clearly  his  whole  commercial  expense  account  is 
covered  by  the  commission  he  pays  to  his  selling  agent,  and  this 
bears  a  definite  ratio  to  his  shop  cost,  that  is,  to  the  cost  of  his  product 
ready  for  sale.  Now,  take  the  case  of  another  manufacturer  of  cotton 
cloth,  who  maintains  his  own  selling  organization  and  through  it 
distributes  his  product.  Clearly  his  commercial  expenses  offset  the 
commission  paid  by  his  competitor,  and  equally  bear  a  definite  ratio 
to  his  shop  cost.  Both  are  most  accurately  stated  and  apportioned 
as  a  percentage  of  the  shop  cost,  the  cost  of  the  product  ready  for 
sale.  Therefore  commercial  expenses  Ce  should  be  distributed  as 
a  percentage  of  shop  cost,  L-{-M-\-Me. 

Axiom  9     The  normal  basis  for  distributing  commercial  expenses 
is  shop  cost. 

13  When  the  product  is  simple  and  homogeneous,  for  example, 
such  as  pig  iron  or  cotton  cloth,  one  account  may  suffice  for  all  manu- 
facturing expenses  and  one  other  for  all  commercial  expenses,  but 
when  it  is  diverse  or  complex  each  of  these  should  be  sub-divided  into 
one  for  each  department  or  for  each  distinct  class  of  jDroduct.  In 
effect  such  a  business  is  an  aggregate  of  several  businesses,  some  of 
which  may  yield  better  results  than  others,  or  may  fluctuate  more 
widely,  and  a  proper  accounting  system  should  show  the  results  of 
each  sub-division  or  department  separately,  as  well  as  the  combined 
result  of  all.  Hence  arises  in  many  cases  great  complexity  in  cost 
accounting,  and  corresponding  need  and  opportunity  for  the  skilled 
industrial  accountant. 

Axiom  10    An  accounting  system  should  show  results  both  by 
departments  and  by  totals. 

14  In  some  cases  the  entire  product  consists  of  a  single  staple 
article,  or  group  of  articles,  for  which  there  is  a  constant  demand 
and,  at  some  price,  a  sure  sale,  such  as  pig  iron,  window  glass,  cotton 
cloth,  etc.  In  other  cases  the  product  must  conform  to  the  spec- 
ifications of  the  customer,  and  therefore  cannot  be  made  up  in 
advance  of  orders,  as  in  shipbuilding,  carbuilding  and  the  con- 
struction of  buildings.      The  former  is  commonly  designated  as  a 
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stock    product,    and  the  latter  as  contract  work.     The  difference 
between  these  may  be  expressed  as  follows  viz.: 

A  stock  product  is  one  which  is  made  first  and  sold  afterwards. 
A  contract  product  is  one  which  is  sold  first  and  made  after- 
wards. 
Cost  accounting  is  usually  more  complex  and  difficult  in  the  case  of 
contract  work  than  in  that  of  a  staple  or  stock  product. 

Axiom  11  A  contract  product  may  require  a  more  complex 
accounting  system  than  a  stock  product  for  the  accurate 
determination  of  costs. 

15  The  expenses  of  general  administration  overlap  the  manu- 
facturing and  the  commercial  divisions  of  an  industrial  business. 
Many  items  can  and  should  be  definitely  charged  to  one  or  the  other. 
Others  may  arbitrarily  be  apportioned  between  them;  as,  for  example, 
the  salary  of  an  ofiicial  who  devotes  say  70  per  cent  of  his  time  to  one 
and  30  per  cent  to  the  other.  All  others  must  be  aggregated  into 
groups  for  distribution  by  the  methods  adopted,  as  above,  for  dis- 
tributing such  expenses;  as,  for  example,  by  percentages  of  produc- 
tive labor  or  of  shop  costs.  Expenditures  of  this  kind  are  infinite  in 
size,  kind  and  number,  and  call  for  great  skill  and  good  judgment  in 
their  classification,  which  should  be  determined  in  advance  by  a 
clearly  defined  code,  not  left  for  haphazard  decision  by  subordinates. 
Such  a  code,  based  on  intimate  knowledge  of  the  business,  on  a  clear 
perception  of  the  information  of  the  code  is  designed  to  yield,  and 
on  sound  accounting  principles,  is  an  indispensable  prerequisite  to 
the  accurate  determination  of  costs,  and  equally  to  the  intelligent 
conduct  of  any  manufacturing  business. 

Axiom  12  An  accounting  system  should  he  embodied  in  a  code 
of  instructions,  for  the  guidance  of  those  responsible  for  its 
operation. 

16  For  best  convenience  a  code  should  provide  symbols  to 
represent  the  various  accounts  and  their  many  combinations.  For 
this  purpose  the  writer  for  many  years  has  used  a  system  of  letters 
and  numbers  which  possesses  great  convenience.  Letters  are  used 
to  designate  important  departments  and  accounts,  the  significance 
of  each  letter  depending  on  its  place,  as  in  decimal  notation,  in  the 
symbol.  Thus,  the  first  letter  may  indicate  a  department,  the  second 
a  sub-division  of  it,  and  the  third  a  room  or  smaller  unit.  Stated 
numbers  are  used  to  indicate  accounts  relating  to  expenses  of  the 
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various  kinds  or  groups.    Such  a  symbol  is  shown  by  the  following 
example,  viz.: 

BAG  10 
in  which  B  represents  the  department,  or  the  class  of  product, 
against  which  the  item  is  to  be  charged;  A  the  shop  in  which  the 
work  is  done;  C  the  job,  or  machine,  by  which  it  is  done;  and  10  the 
kind  of  expense  to  which  the  charge  relates,  such  as  repairs  of  the 
machine,  foreman's  wages,  etc.  These  symbols,  and  an  explanation 
of  their  meaning  and  use  are  printed  in  a  small  book  of  pocket  size, 
copies  of  which  are  furnished  to  all  concerned.  In  this  way  a  correct 
classification  of  every  charge  is  made  at  the  time  of  original  entry, 
after  which  tabulation  and  aggregation  of  original  charges  follow 
automatically  in  accordance  with  the  predetermined  plan. 

Axioin  IS  Symbols  are  better  than  titles  for  recording  charges  in 
an  extensive  accounting  system. 

17  In  any  business  certain  expenses  or  losses  occur  from  time  to 
time  which  are  unusual  or  abnormal.  These  may  be  termed  "extra- 
ordinary expenses,"  and  require  special  consideration.  As  examples 
of  these  may  be  cited  a  serious  loss  by  fire,  a  curtailment  of  product 
by  a  strike,  an  abnormal  loss  through  bad  debts,  an  increase  or  de- 
crease in  value  of  land,  etc.  The  loss,  or  profit,  thus  arising  must 
of  course  be  covered  into  the  treasury,  but  this  may  better  be  done 
through  a  debit  or  credit  to  the  surplus  account  than  through  a 
charge  to  the  profit  and  loss  account  of  the  current  year,  for 
the  latter  plan  would  distort  the  statistical  record  of  the  year  by 
including  in  it  items  not  common  to  normal  years.  The  best  plan  is 
to  charge  to  the  account  of  each  year  only  the  items  which  are  normal, 
and  to  charge  those  which  are  abnormal  to  the  surplus  account.  The 
proper  purpose  of  the  annual  account  is  twofold,  (a)  to  show  the 
results  of  the  year's  operations,  and  (6)  to  contrast  these  results  with 
those  of  preceding  and  succeeding  years.  On  the  other  hand,  all 
extraordinary  gains  or  losses  must  be  accounted  for,  and  this  may 
best  be  done  through  the  surplus  account.  In  this  way  both  pur- 
poses are  accomplished. 

Axiom  14  Extraordinary  gains  or  losses,  in  order  not  to  distort 
the  statistical  value  of  the  annual  profit  and  loss  record, 
should  he  covered  into  the  surplus  account  between  the  closing 
of  the  books  for  the  old  year  and  the  opening  of  the  books  for 
the  new  year. 

18  Interest  on  borrowed  capital  is  a  distribution  of  profits,  not 
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an  expense,  although  often  erroneously  treated  as  the  latter.  To 
illustrate  this  suppose  the  case  of  two  manufacturers,  A  and  B, 
each  having  $200,000  invested  in  his  business  and  each  realizing  10 
per  cent,  or  $20,000,  net  profit  available  for  dividends  on  a  year's 
business,  all  of  A's  capital  being  contributed  in  cash,  while  B  has 
only  $100,000  of  cash  capital,  and  another  $100,000  of  borrowed 
capital,  on  which  he  pays  5  per  cent  interest.  At  the  close  of  the  year 
A  is  in  position  to  pay  $20,000  in  dividends  to  his  stockholders,  a  10 
per  cent  return  on  their  investment,  but  5,  after  paying  $5000  as 
interest,  is  in  position  to  pay  $15,000  in  dividends  to  his  stockholders, 
a  15  per  cent  return  on  their  investment.  Evidently  the  actual 
profits  from  the  operations  of  the  year  are  the  same  in  each  case, 
only  the  ownership  of  the  capital  invested  and  the  distribution  of 
the  profits  being  different.  The  accounting  system  should  show  the 
actual  profit  realized,  regardless  of  its  distribution  to  the  owners 
of  the  capital  invested  in  the  business.  On  the  other  hand  it  is 
expedient  that  interest  on  temporary  loans,  and  on  time  purchases 
if  availed  of,  rebates  and  discounts  of  customers'  notes,  should  be 
treated  as  current  expenses,  normal  to  the  conduct  of  the  business. 
In  like  manner  discounts  earned  by  cash  payments  should  be  treated 
collectively  as  part  of  the  current  earnings  of  the  year,  or  else  be  cov- 
ered into  the  net  costs  of  purchases. 

Axiom  15  Interest  on  borrowed  capital  should  not  he  treated  as 
an  operating  expense,  hut  should  he  charged  direct  to  the 
profit  and  loss  account  of  the  year. 
19  Interest  on  all  capital  invested  in  a  business  may  or  may  not 
be  deducted  before  stating  the  final  profits  of  the  year.  Here  no 
principle  is  involved,  but  merely  convention  or  individual  preference. 
Usage,  however,  has  practically  determined  that  it  shall  not  be  de- 
ducted; that  the  final,  or  net,  profit  should  indicate  the  return  on 
capital,  the  amount  which  capital  has  earned.  Stated  thus  it  can 
readily  be  compared  with  what  the  same  capital  would  earn  if  in- 
vested otherwise;  as,  for  example,  in  government  or  railroad  bonds, 
in  mortgages,  etc.  If  interest  is  deducted  at  all,  as  is  done,  for  ex- 
ample, under  some  profit-sharing  plans  before  allotting  anything  to 
the  beneficiaries  of  the  plan,  it  should  be  computed  on  the  total 
capital  invested  in  the  business,  including  therein  the  surplus  ac- 
count; that  is,  surplus  profits  of  previous  years  retained  in  the  busi- 
ness and  invested  in  plant  or  merchandise. 

Axiom  16     Final  profits  properly  signify  the  amount  earned  by 
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the  capital  invested.  If  interest  on  capital  is  deducted  this 
fact  should  be  stated,  and  interest  should  be  computed  on 
the  total  capital  employed. 

20  Where  a  business  is  divided  into  several  or  many  departments 
it  is  very  desirable  that  the  accounting  system  should  show  the 
profits  or  earnings  of  each  of  them  separately,  and  this  is  usually 
feasible,  except  as  to  annual  depreciations  and  as  to  interest  charges. 
In  some  cases  either  or  both  of  these  items  can  accurately  be  dis- 
tributed among  the  several  departments,  and  if  so,  they  should  be 
so  treated.  Where  they  cannot  be  so  distributed  they  should  be 
deducted  in  a  lump  from  the  sum  of  departmental  profits,  and  in 
this  case  it  becomes  convenient  to  adopt  terms  to  designate  clearly 
the  profit  account  at  its  various  stages.  For  this  purpose  the  writer 
has  found  the  following  terms  satisfactory: 

Gross  profits:  the  aggregate  profits  of  all  departments,  prior 
to  deducting  depreciations  and  interest. 

Net  earnings:  the  gross  profits  after  deducting  depreciations. 

Net  profits:  the  net  earnings  after  deducting  interest  on 
borrowed  capital. 

21  In  comparing  the  results  realized  in  two  or  more  comparable 
concerns  or  businesses  it  is  essential  to  contrast  profits  at  the  same 
stage  in  each  case,  and  to  employ  terms  which  are  mutually  under- 
stood as  to  their  precise  meanings.  No  standard  as  to  these  terms 
has  yet  been  estabUshed.  The  proper  basis  of  comparison  usually  is 
that  indicated  above  by  the  term  net  earnings,  which  eliminates  the 
variations  due  to  the  employment  or  non-employment  of  borrowed 
capital. 

Axiom  17  Terms  used  to  designate  profits  should  indicate 
clearly  the  stage  of  profits  to  which  they  refer,  and  should 
be  mutually  understood. 

22  Inventory  valuations  are  an  important  factor  in  determining 
profits.  Usually  an  actual  inventory  is  taken  only  once  a  year. 
The  merchandise  inventory  includes  raw  materials,  stock  in  process, 
finished  goods,  and  general  supphes.  A  standard  basis  of  valuation 
for  each  of  these  groups  should  be  adopted  and  maintained  from 
year  to  year.  Raw  materials,  such  as  pig  iron,  raw  sugar,  baled 
cotton,  ingot  copper,  etc.,  are  often  subject  to  wide  fluctuations  in 
market  values  or  costs,  and  the  question  thus  arises  as  to  the  proper 
inventory  valuation  of  them,  whether  at  cost,  at  market  value  at 
date  of  inventory,  or  on  some  arbitrary  basis.    If  the  effect  of  such 
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fluctuations  is  negligible,  that  is,  is  small  in  ratio  to  the  annual  total 
of  the  account,  either  of  the  first  two  methods  above  stated  may  be 
used.     If  the  fluctuations  are  large,  however,  either  in  range  or  in 
their  effect  on  the  annual  total,  that  is,  if  they  materially  influence 
the  profit  and  loss  account  of  the  year,  some  arbitrary  plan  of  ac- 
counting for  them  should  be  adopted.     In  devising  this,  the  two- 
fold purpose  of  the  annual  account,  the  operative  and  the  statistical, 
should  be  kept  in  view.    If  the  effect  of  the  fluctuations  is  moderate 
in  its  ratio  to  the  annual  account  a  sound  method  consists  in  taking 
the  mean,  either  of  market  prices  or  of  actual  purchase  prices  for 
say  three  or  five  years,  as  the  basis  for  inventory  valuations,  and 
also  for  use  in  the  compilation  of  costs,  thus  conforming  to  the 
average  trend  of  market  values  but.  avoiding  frequent  and  tem- 
porary changes.     If,   however,  the  effect  of  these  fluctuations  is 
serious  or  vital  in  determining  the  results  of  the  business,  a  new 
factor  is  brought  into  the  accounting  problem,  namely  that  of  trading 
or  speculating  on  the  market.     In  the  case  of  a  sugar  refinery  or  a 
cotton  mill,  for  example,  large  profits  or  losses  may  result  from 
market  changes  in  the  price  of  raw  sugar  or  of  baled  cotton,  or  from 
the  operations  of  the  purchasing  department.    Obviously  such  gains 
and  losses  are  totally  unrelated  to  the  economy  and  efficiency  of 
the  productive  department,  and  to  include  them  in  its  accounting 
might  so  distort  it  as  to  destroy  its  usefulness  and  its  statistical 
value.    In  such  cases  a  separate  trading  account  should  be  established, 
through  which  to  ascertain  the  profit  or  loss  of  the  year  in  operating 
on  the  market  for  the  raw  material,  the  latter  being  charged  to  the 
manufacturing   department   at   a   constant   price,    conformed   from 
time  to  time  to  average  market  conditions,  this  price  being  used  also 
for  inventory  and  cost  purposes.     In  other  words,  the  results  of 
speculation  on  the  market,  however  legitimate  or  necessary,  should 
be  segregated  from  the  results  of  the  normal  operations  of  the  plant. 
Axiom  18     Speculative  'profits  a7id  losses  should  he  segregated, 
from  those  due  to  the  normal  operations  of  a  business. 
23     The  inventory  valuation  of  stock  in  process,  that  is,  of  stock 
in  a  partly  manufactured  condition,  should  be  such  as  to  cover  the 
prime  cost  of  the  material,  and  of  the  productive  labor  already  ex- 
pended upon  it,  plus  a  ratable  charge  for  manufacturing  expenses. 
The  inventory  valuation  of  finished  stock,  that  is,  of  stock  completed 
ready  for  sale,  should  be  on  the  basis  of  shop  cost,  not  of  actual 
cost,  because  the  latter  includes  the  cost  of  selling,  and  this  has  not 
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yet  been  incurred.  A  paradox,  apparent  but  not  real,  is  created  when 
the  cost  of  a  product  is  substantially  reduced,  because  thereby  the 
inventory  value,  and  therefore  the  profit  of  the  year,  is  reduced.  If 
the  inventory  value  at  the  beginning  of  the  year  were  $1000,  and  if 
during  the  year  the  cost  were  reduced  10  per  cent,  obviously,  if  the 
quantity  on  hand  at  the  close  of  the  year  were  the  same,  the  in- 
ventory value  would  be  $900,  thus  showing  a  shrinkage  of  $100.  In 
the  following  year,  however,  this  apparent  loss  would  be  converted 
into  an  actual  profit. 

Axiom  19  A  reduction  in  cost  implies  a  corresponding  reduc- 
tion in  inventory. 

24  The  annual  inventory  may  properly  include  as  assets  certain 
items  previously  classified  as  expenses.  One  example  of  this  kind  is 
the  premium  on  unexpired  insurance.  Another  is  the  cost  of  a  trade 
catalogue  intended  to  serve  say  for  five  years.  To  charge  the  whole 
of  important  expenditures  of  this  kind  into  the  current  expense  ac- 
count of  the  year  in  which  they  are  incurred  would  tend  to  distort 
its  statistical  accuracy,  and  hence  would  be  bad  accounting.  The 
proper  treatment  of  suoh  expenses  is  to  determine  the  period  they 
apply  to,  and  to  charge  off  a  proportionate  part  in  each  month  or 
year  during  that  period,  carrying  the  remainder  in  the  inventory. 

Axiom  20  Expenditures  in  one  year  which  cover  the  require- 
ments of  several  years  should  he  distributed  over  the  years 
to  which  they  fairly  apply. 

25  The  inventory  valuation  of  all  property  other  than  merchan- 
dise should  be  on  the  basis  of  its  fair  value  in  the  business  as  that 
of  a  going  concern,  which  usually  is  the  cost  to  replace,  with  due 
allowance  for  wear  and  tear.  An  annual  inventory  of  all  property, 
by  actual  enumeration  and  count,  is  indispensable  to  the  proper 
conduct  of  any  manufacturing  business,  and  in  some  cases  more 
frequent  inventories  of  the  merchandise  stock  are  expedient.  With- 
out such  annual  inventories  no  determination  of  annual  results  is 
reliable  or  of  much  value. 

Axiom  21  An  annual  inventory  of  all  property  is  indispensable 
to  accurate  knowledge  and  to  good  management. 

26  The  question  of  depreciation  of  fixed  property  enters  into  all 
industrial  accounting,  and  should  be  treated  in  connection  with 
the  inventory.  In  this,  as  in  all  discretionary  matters  of  accounting, 
the  aim  should  be  to  find  and  follow  the  median  line,  the  mean  be- 
tween ultra-conservatism  and  radicalism.     All  fixed  property,  ex- 
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cepting  land,  depreciates  and  tends  to  become  obsolete.  Normal 
repairs  and  maintenance  should  of  course  be  charged  to  current 
operating  expenses,  not  added  to  cost  or  value,  and  these  should 
fairly  be  considered  in  fixing  the  ratio  of  depreciation.  Where  a 
building  or  a  machine  is  maintained  in  perfect  condition  obviously 
it  depreciates  more  slowly  than  one  which  is  neglected.  A  building 
may  be  so  maintained  as  to  depreciate  little  or  not  at  all.  The 
proper  rate  of  depreciation  for  each  class  or  kind  of  fixed  property  is 
a  matter  of  good  judgment,  for  which  no  rules  can  be  laid  down.  It 
may  be  as  low  as  1  per  cent  per  annum,  and  in  exceptional  cases 
may  be  as  high  as  20  per  cent.  Usually  it  ranges  from  23/^  to  10  per 
cent.  When  profits  are  abnormally  large  the  allowance  for  deprecia- 
tion may  wisely  be  larger  than  when  they  are  merely  normal,  but  the 
normal  allowance  should  be  made  even  when  no  profit  is  realized. 
Under  average  conditions  it  usually  ranges  between  10  and  15  per 
cent  of  the  annual  profits.  A  revaluation  of  all  fixed  property  by 
outside  experts  or  appraisers,  at  intervals  of  five  or  ten  years,  is 
expedient  and  usually  worth  its  cost.  Abnormal  increases  or  de- 
creases in  the  value  of  such  property,  as  for  example  an  increase  in 
the  value  of  land,  or  the  loss  due  to  the  demolition  of  an  obsolete 
building,  should  be  covered  into  the  surplus  account,  not  into  the 
profit  and  loss  account  of  the  year. 

Axiom  22     Valuations  of  fixed  property  should  be  subject  to 
annual  review  and  to  fair  depreciation. 

27  Finally,  the  aim  and  object  of  every  accounting  and  cost 
system  should  be  to  afford  true  and  accurate  information  as  to  facts. 
It  is  based  on  facts;  it  should  embody  and  present  facts,  and  naught 
else.  To  exaggerate  facts  and  to  show  fictitious  profits  and  values, 
is  no  worse  than  to  depreciate  facts  and  to  conceal  true  profits  and 
values. 

Axiom  23    An  accounting  system  should  present  facts,  without 
bias  in  any  direction. 

28  Accounting,  in  its  application  to  general  business  affairs,  has 
long  been  a  highly  developed  science,  but  is  comparatively  a  new 
one  in  its  specialized  apphcation  to  modern  industry,  with  its  vast 
and  complex  development.  The  creation  of  a  Correct  Science  of  In- 
dustrial Accounting  and  costs  should  be  the  desire  and  aim  of  all 
who  are  concerned  with  industrial  management.  To  accomplish 
this,  three  things  at  least  are  needed: 

a    Clear  understanding  of  fundamental  principles 
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h     Definite  terminology,  generally  understood  and  accepted 
c     Free  interchange  of  the  data  of  practice,   whereby  the 
adoption  of  sound  principles  may  be  promoted,  the  ex- 
perience of  each  may  be  available  to  all,  the  best  meth- 
ods may  become  established,  and,  above  all,  a  standard 
system  may  ultimately  be  created. 
29    The  accomplishment  of  these  results,  by  affording  complete 
and  accurate  knowledge  of  the  essential  facts  pertaining  to  indus- 
trial eflSciency,  and  to  the  costs  of  production,  will  tend  greatly  and 
permanently  to  promote  the  development  of  American  industry,  and 
to  aid  it  in  securing  its  full  share  of  the  markets  of  the  world. 


THE  POWER  PLANTS  OF  TEXTILE  MILLS 

By  John  A.  Stevens 
ABSTRACT  OF  PAPER 

This  paper  describes  the  purposes  which  should  be  served  by  power  plants  in 
textile  mills. 

It  calls  attention  to  the  individuality  of  each  plant  and  to  the  special  design 
and  adaptation  necessary  if  it  is  best  to  serve  its  purpose,  showing  how  manu- 
facturing conditions  as  regards  use  of  low-pressure  steam  in  textile  mills  make 
well  designed  plants  for  such  mills  differ  from  those  which  would  ordinarily  be 
best  and  most  economical  for  other  Unes  of  industry. 

The  degree  to  which  power  plants  in  textile  mills  are  compUcated  by  use  of 
water  power  requiring  relaying  by  steam  units  is  discussed,  and  the  effectiveness 
of  electric  transmission  for  securing  necessary  flexibihty  under  these  conditions 
pointed  out. 

Several  power  stations  recently  installed  under  the  writer's  supervision  are 
described  and  illustrated,  the  purpose  being  to  call  attention  to  particular 
features  of  each  plant  which  illustrate  points  mentioned  in  the  paper. 

A  more  careful  consideration  of  the  advantages  which  might  be  secured  by 
groups  of  mill  owners  combining  to  produce  power  in  a  single  station  jointly 
owned  and  operated  by  the  group  is  urged. 
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Member  of  the  Society 

The  purpose  of  this  paper  is  to  place  anew  before  those  en- 
gaged in  managing  and  operating  textile  mills  some  of  the 
salient  points  which  have  to  be  considered  in  providing  a  power 
plant  which  shall  do  its  best  work  in  connection  with  such  mills ; 
and  to  show  how  the  differing  conditions  make  each  plant  a 
problem  worthy  of  special  consideration. 

2  The  power  plant  is  apt  to  be  regarded  merely  as  an  expense 
item  and  although  this  is  only  a  small  portion  of  the  total  of 
such  items,  usually  not  more  than  3  to  5  per  cent,  it  is  so  large 
a  sum  in  dollars  per  year  that  possible  savings  therefrom  possess 
a  real  interest  for  managers  of  textile  plants  and  are  receiving 
serious  consideration  whenever  they  can  be  properly  presented. 

DIRECT    AND    INDIRECT    SAVINGS 

3  The  possible  savings  in  connection  with  a  textile  power 
plant  are  at  least  of  two  kinds :  (a)  The  direct  savings  brought 
about  by  producing  through  efficient  apparatus  a  given  quantity 
of  needed  power  for  a  reduced  expenditure  of  money  after  all  ex- 
penses chargeable  to  power  have  been  considered;  and  (b)  the 
incidental  savings  realized  through  installing  new  equipment 
carefully  arranged  to  meet  the  manufacturing  needs  of  the  plant, 
thus  bringing  about  increased  and  more  convenient  and  bettered 
production,  or  a  decreased  cost  of  manufacture.  These  frequent- 
ly are  of  greater  importance  than  the  direct  savings. 

SPECIAL  ADAPTATION   REQUIRED 

4  It  is  a  fact  so  self-evident  as  hardly  to  need  stating  that 
in  order  to  serve  most  perfectly  all  the  requirements  of  a  given 
plant  and  thus  take  advantage  of  all  possible  savings,  its  power 
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e(iiiipiiieiil  must  be  spec-iiilly  adapted  to  the  individual  plant,  the 
conditions  and  requirements  of  Avhich  are  never  twice  alike. 

5  Textile  plants,  of  course,  can  be  roughly  grouped  into 
classes  depending  upon  the  kind  of  goods  which  they  produce, 
whether  worsteds  and  woolens,  cottons,  linens  or  silks;  Avhether 
they  produce  yarns  or  cloth;  Avhether  their  product  is  plain  or 
colored;  to  what  degree  this  product  is  finished  and  by  what  pro- 
cesses, that  is,  whether  there  are  dye  houses  and  bleach  houses 
as  part  of  the  equipment,  recjuiring  large  quantities  of  manu- 
facturing steam. 

6  Certain  features  of  their  power  house  design  will  probably 
depend,  to  a  considerable  extent,  upon  which  of  these  groups 
they  belong  to,  but  the  fact  that  there  cannot  be  a  standard  de- 
sign for  a  power  plant,  for  any  purpose,  whether  for  public 
service,  textile  mill  or  other  use,  furnishes  the  real  reason  foe 
the  existence  of  the  power  plant  engineei*. 

CONDITIONS   MET   WITH    IN    CENTRAL   STATIONS 

7  While  the  conditions  and  elements  which  make  for  diver- 
sity in  design  or  most  desiral)le  equipment  of  central  stations 
for  public  service  corporations  are  everywhere  admitted  to  be 
great  enough  to  necessitate  the  careful  working  out  of  all  fea- 
tures by  a  competent  grouj)  of  engineers,  such  equipment,  when 
of  small  size,  is  generally  much  more  capable  of  standardization 
than  is  that  of  the  textile  plant.  In  the  great  majority  of  cases 
the  public  service  station  has  to  do  solely  with  the  furnishing  of 
electric  energy  for  use  by  its  customers  in  the  form  of  power  and 
lighting.  It  has,  of  course,  no  use  for  low-pressure  steam  in 
considerable  quantities  and  its  requirements  for  heating  steam 
are  insignificant. 

8  In  fact,  so  far  as  the  question  of  low-pressure  steam  enters 
at  all  into  its  scheme  of  operation,  it  is  rather  one  of  avoidance 
than  otherwise.  Its  problem  is  to  see  that  no  more  is  produced 
at  any  time  than  can  be  made  use  of  for  the  purpose  of  heating 
feedwater,  and  anything  beyond  this  quantity  is  an  absolute 
waste. 

9  The  influence  of  this  condition  extends  so  far  that  not 
infrequently  it  has  led  such  plants  to  forego  the  savings  from 
an  economizer,  because  if  such  a  unit  were  used  economically, 
there  would  be  so  little  ren:aining  use  for  exhaust  steam  that 
auxiliaries,  which  for  reasons  of  dependability  and   flexibility 
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it  has  seemed  best  to  keep  as  non-condensing  steam  units,  would 
be  exhausting  to  atmosphere. 

10  The  public  service  station  manager  is  thus  prevented  from 
the  possibility  of  realizing  in  his  own  plant  large  savings  from 
conditions  which  can  be  obtained  by  the  manager  of  the  textile 
plant,  savings,  too,  which  must  be  thus  taken  advantage  of  if 
the  item  of  total  coal  cost  in  that  plant  is  to  be  kept  at  minimum. 

11  This  absolute  dissimilarity  of  conditions  goes  far  to  ex- 
plain why  it  has  sometimes  happened  that  engineers  and  power 
sales  agents  who  have  received  their  training  mainly  in  situa- 
tions where  there  was  no  possible  use  for  low-pressure  steam, 
have  utterly  failed  to  realize  the  extent  of  savings  which  may 
accompany  such  use.  They  have  sometimes  gone  so  far  as  to 
cause  the  abandoning  of  steam-using  machinery  and  the  purchase 
of  current  for  power,  even  in  plants  containing  d3'e  houses,  with 
the  result  that  the  total  bill  for  power  and  manufacturing  steam 
was  thereby  increased  very  nearly  to  the  extent  of  the  power 
bill.  This,  of  course,  represents  an  extreme  case,  and  is  men- 
tioned here  merel}^  as  a  means  of  bringing  out  clearly  the  extent 
to  which  conditions  may  sometimes  influence  the  proper  solu- 
tion of  a  textile  power  plant  problem. 

COMBINED   POWER   AND    MANUFACTURING   STEAM   USING   UNITS 

12  The  plant  which  can  obtain  power  from  units  properly 
combined  with  the  supplying  of  steam  for  necessary  manufactur- 
ing or  heating  processes  has  open  to  it  possibilities  for  securing 
the  same  at  costs  far  below  those  available  to  others  not  thus 
fortunately  circumstanced. 

13  The  reasons  why,  when  conditions  are  suitable,  such  con- 
siderable savings  can  be  realized  by  making  the  power  produc- 
ing unit  practically  a  reducing  valve  for  the  manufacturing 
steam  line,  or  looked  at  from  the  other  point  of  view  taking 
the  manufacturing  steam  from  the  power  line  as  a  sort  of  by- 
product, are  well  understood  by  all  engineers  who  have  had 
occasion  to  consider  the  matter. 

14  Although  the  practice  is  old,  dating  back  many  years,  we 
still  find  men  occasionally  who  feel  that  the  idea  of  getting  the 
work  required  from  an  engine  and  from  a  dye  tub  with  less 
coal  when  the  latter  takes  its  steam  through  the  engine  than 
when  both  are  supplied  by  separate  lines  from  the  boiler  is  a 
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sort  of  perpetual  motion  scheme — a   producing   of  something 
from  nothing. 

15  They  fail  to  take  into  consideration  that  there  is  a  tre- 
mendous amount  of  heat  energy  rejected  through  the  condenser 
even  by  the  most  efficient  engine  or  turbine,  while  the  dye  tub 
is  particularly  well  fitted  to  make  use  of  this  very  energy  which 
the  engine  or  turbine  cannot  use.  On  the  other  hand,  the  dye 
tub  cannot  as  efficiently  utilize  the  energy  from  the  high-pressure 
end  of  the  range  and  from  which,  in  the  combined  unit,  power 
is  obtained. 

16  When  the  steam  turbine  first  began  to  replace  the  steam 
engine,  it  generally  was  not  designed  to  meet  this  condition  of 
furnishing  low-pressure  steam  and  the  fact  that  it  was  better 
able  to  use  steam  efficiently  through  the  high  vacuum  ranges 
doubtless  led  to  the  feeling  that  it  was  not  so  well  adapted  as  the 
steam  engine  for  supplying  steam  for  manufacturing  purposes. 

17  Later  experience  has  shown  the  fallacy  of  such  belief 
and  now  turbines  are  designed  with  special  reference  to  such 
uses.  It  is  also  worth  noting  that  at  any  given  pressure  steam 
leaves  the  turbine  considerably  dryer  than  it  leaves  the  engine. 

18  The  quantity  of  manufacturing  steam  required  and  the 
regularity  of  demand  for  the  same  varies  greatly  in  different 
mills.  For  best  results  individual  conditions  should  receive  care- 
ful study  before  equipment  is  chosen.  Where  demands  are  large 
and  constant  non-condensing  units  may  offer  the  best  solution. 
Wliere  demands  are  extremely  variable  some  system  of  bleeding 
a  portion  of  the  steam  from  the  receiver  or  stage  of  a  condensing 
unit  is  more  practicable. 

USE  or  CONDENSING  WATER  DISCHARGE  IN  TEXTILE  PLANTS 

19  It  sometimes  happens  that  power  producing  and  manu- 
facturing machinery  can  be  very  advantageously  combined  in 
another  way.  When  there  is  a  large  and  constant  demand  for 
warm  water  to  be  used  by  textile  machines,  the  cooling  water 
from  condensers,  carrying  with  it  the  rejected  and  otherwise 
waste  heat  from  steam,  can  be  taken  to  these  manufacturing 
uses  where,  unless  this  were  done,  cold  water  would  have  to 
be  used  and  heated  by  steam  for  which  coal  would  be  especially 
burned.  Thus  put  to  work  the  condensing  water  may  save  a 
portion  or  all  of  the  above-mentioned  coal,  depending  upon  the 
temperature  of  water  required. 
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20  The  drawbaclvs  to  this  bclieiiie  whicli  prevent  its  more  fre 
(luent  use  are  that  the  demand  is  apt  to  be  for  a  relatively  small 
amount  of  water  at  a  considerably  high  temperature,  while  the 
supply  from  a  normal  and  efficient  working  condenser  would 
be  that  of  a  larger  quantity  of  water  at  a  temperature  only 
moderately  in  excess  of  that  of  the  cold  water  supply.  Again 
the  steam  engine,  which  can  better  stand  a  rather  low  vacuum 
than  can  the  steam  turbine,  under  this  condition  requires  the 
use  of  a  surface  condenser  in  order  to  avoid  the  presence  of 
even  a  small  quantity  of  oil  which  usually  is  objectionable. 

CONDITIONS  COMI'LIGATKI)  HV   USE  OF  WATEIt   roWl.i; 

21  It  is  believed  that  the  power-  plant  situation  of  a  textile 
mill  is,  more  frequent!}'  than  with  any  other  type  of  plant,  com- 
plicated by  the  presence  of  water  power  equipment  developed  to 
such  an  extent  that  a  considerable  portion  of  it  requires  relaying 
with  some  form  of  coal  consuming  units.  This  is  especially  true 
in  those  sections  where  the  textile  industry  had  its  beginning 
and  earlier  growth,  and  has  come  about  naturally  from  the  fact 
that  the  textile  industries  are  among  the  oldest  of  considerable 
importance  in  the  country.  There  are  many  great  textile  cor- 
porations whose  history  goes  well  back  towards  the  beginning 
of  the  last  century,  or  at  least  to  a  time  when  Avater  privileges 
could  be  more  readily  obtained  than  is  the  case  today,  and  when 
steam  power  was  but  little  developed  and  relatively  inefficient. 
Water  power  developments  of  great  extent  and  cost  were  made 
during  those  early  days,  the  rights  in  which  are  still  held  by  the 
original  textile  companies  or  by  their  successors,  and  which 
practically  make  financially  necessary  and  good  policy  the  con- 
tinued use  of  water  power  to  an  extent  which  would  be  pro- 
hibitiNe  were  the  developments  being  made  from  the  lieginning 
today. 

22  Other  industries  and  especially  public  service  corpora- 
tions, being  of  later  growth,  missed  the  opportunity  to  share 
in  the  rights  of  these  early  water  power  developments;  or  when 
they  secured  water  privileges,  haA^e  in  the  main  because  of 
expense,  developed  them  less  fully.  Their  equipment  in  any 
event  is  more  likely  to  be  modern  and  thus  fit  in  better  with 
present-day  power-generating  machineiw. 
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THE  NEW  roW'Ei;  i'LANT  DEVELOPMENT 

23  The  problems  of  textile  power  plants  can  be  subdivided 
into  two  classes:  (a)  entirely  new  developments,  and  (b)  those 
which  have  to  do  with  changes  or  further  developments  in  an 
existing  plant. 

24  When  an  entirely  new  power  plant  is  under  consideration, 
the  fundamental  points  are  the  same  whether  it  be  for  a  textile 
mill  or  any  other  purpose.  These  are  accessibility  to  railroad  or 
barge  for  handling  coal  and  ashes,  coal  storage,  boiler  feed  and 
condensing  water  supply,  also  convenience  of  and  ample  space 
for  future  expansion  of  plant. 

25  Importance  of  Track  Facilities.  The  importance  of  lay- 
ing out  a  new  manufacturing  plant  or  making  additions  to  an 
old  one  to  secure  the  best,  or  at  least  workable,  track  facilities 
cannot  be  too  strongly  emphasized.  The  point  is  so  old  and  so 
fundamental,  so  well-known  to  all  engineers  and  plant  managers, 
that  the  writer  would  hesitate  to  mention  it  had  he  not  found  in 
actual  practice  that  it  is  frequently  overlooked  or  given  too  little 
consideration. 

26  With  the  rapid  increase  in  size  and  weight  of  rolling 
stock,  the  railroads  of  the  country  have  found  it  necessary  to 
increase  greatly  the  minimum  radius  of  curves  over  which  they 
will  undertake  to  handle  cars,  with  the  result  that  where  the 
small  cars  of  a  decade  ago  got  around  with  no  serious  incon- 
venience, the  large  equipment  of  today  too  often  can  not  go. 
The  manufacturer  who  builds  an  important  mill  group  without 
first  having  his  track  connections  definitely  laid  out  to  the  ap- 
])roval  of  railroad  engineers,  is  apt  to  find  that  intended  con- 
nections are  impossible,  or  at  least  awkward  and  unduly  expen- 
sive. 

27  Providing  Room  for  Future  Development.  The  impor- 
tance of  locating  a  new  power  house  to  have  ample  room  for 
growth,  is  another  point  which  ought  not  to  require  mention, 
l)ut  the  fact  that  rapidly  growing  plants  are  so  frequently  found 

vith  this  important  portion  of  their  equipment  needlessly  built 
into  a  hole,  seems  to  justify  some  mention  of  the  subject. 

28  Sometimes  such  building  is  forced  upon  a  concern  by  the 
circumstances  of  location  and  business  conditions,  and  it  is  then 
of  course  justifiable  as  it  has  been  done  with  full  recognition 
of  the  fact  that  it  is  going  to  prove  ex])ensive  later  on.     The 
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greater  portion,  however,  of  such  building  seems  to  have  come 
about  through  a  lack  of  conception  that  there  were  possibilities 
of  greater  things  in  the  future  and  through  an  unwisely  directed 
effort  to  economize  in  the  first  cost  of  power  equipment,  an 
effort  which  not  infrequently  has  failed  in  itself  since  as  much 
has  been  spent  in  the  location  impossible  of  further  development 
as  would  have  been  required  to  meet  the  existing  demands  and 
still  provide  the  possibility  of  further  needed  growth. 

29  The  serious  feature  of  building  a  power  plant  in  a 
cramped  location  lies  in  the  fact  that  if  the  groAvth  of  the  manu- 
facturing is  such  that  more  power  is  required,  it  is  almost  im- 
possible to  remedy  the  condition.  The  existing  plant  represents 
a  heavy  investment  in  equipment  which  should  be  good  for 
many  years  more  service.  To  move  it  to  a  location  Avhere  ex- 
pansion can  take  place,  or  to  abandon  it  and  substitute  new 
equipment  means,  in  the  latter  case,  a  fixed  cost  for  the  new 
station  w^ell  nigh  or  absolutely  prohibitive;  to  build  anothei- 
independent  equipment  to  meet  new  demands  and  let  the  old 
remain,  means  continuous  operating  expenses  much  higher  than 
should  be  secured  with  a  single  station.  The  providing  of  ample 
facilities  for  growth  if  undertaken  at  the  proper  time  is  usually 
so  simple  and  comparatively  inexpensive  that  this  feature  should 
never  be  neglected. 

30  Location  with  Relation  to  Future  Manufacturing  Growth. 
Another  point  frequently  overlooked  in  locating  a  power  house 
is  that  it  shall  not  be  in  the  way  of  future  development  of 
the  manufacturing  buildings.  It  often  happens  that  some  de- 
partment must  be  enlarged,  but  the  power  plant  is  in  the  way. 
As  the  latter  usually  cannot  be  moved,  the  addition  to  the  manu- 
facturing department  must  be  put  somewhere  else,  disrupting 
the  organization  of  the  factory  and  breaking  the  proper  passage 
of  the  product  from  raw  stock  to  finished  goods.  This  results 
in  increased  handling  and  trucking,  and  increases  the  cost  of 
the  finished  product. 

OLD   POAVER  PLANT  DEVELOPMENT   REQUIRING  ADDITIONS 

31  The  subject  of  the  second  subdivisions,  viz.,  problems 
which  have  to  do  with  changes  or  further  development  in  an 
existing  plant,  of  necessity  make  up  the  greater  portion  of  the 
work  of  a  power  plant  engineer. 

32  Power  Plant  Analysis  a  Method  of  Handlinr/  Preliminary 
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Work.  The  method  of  attack,  which,  in  the  writer's  own  ex- 
perience, has  proved  most  satisfactory  in  getting  at  the  require- 
ments of  these  individual  problems  and  so  presenting  them  as 
to  lead  to  well  advised  action  on  the  part  of  plant  managers, 
is  by  means  of  the  plant  analysis,  a  detailed  study  of  and  report 
upon  that  mill's  whole  power  plant  situation. 

33  Through  the  gathering  of  data  necessary  for  such  a  report, 
the  engineers  in  charge  of  the  work  become  better  acquainted 
than  in  any  other  way  with  the  resources,  the  possibilities  and 
the  requirements  of  that  plant. 

34  Such  a  report  aims  to  show  accurately  the  extent  and 
value  of  present  equipment;  how  much  and  where  energy  is 
produced  and  how  distributed,  with  details  as  to  quantities  re- 
quired for  such  subdivisions  as  frictional  resistance,  useful  powei- 
and  lighting,  and  steam  and  coal  consumed  for  manufacturing 
and  heating;  also  the  cost  of  producing  power  with  present 
equipment.  These  costs  are  compared  with  those  which  should 
result  through  installing  other  equipment  in  accordance  with 
one  of  several  schemes,  preliminary  plans  and  estimates  for 
which  are  worked  out.  Such  schemes  are  thus  compared,  the 
strong  and  weak  points  of  each  developed  and  as  far  as  pos- 
sible the  whole  question  is  reduced  to  a  financial  basis  looking 
either  towards  the  greatest  return  from  the  least  new  expenditure 
of  money,  or  the  greates.t  return  when  service-ability  through 
a  period  of  years  and  adaptability  to  plant  conditions  and 
growth  are  considered. 

35  Power  Plan,t  in  Old  Mill  an  Adaptation  to  Existing  Con- 
ditions. The  power  plant  problem  in  an  old  textile  mill  is  alwaj^s 
one  of  adaptation  not  only  to  the  requirements  for  power  in  all 
its  phases,  but  more  especialW,  as  has  previously  been  pointed 
out,  to  the  more  difficult  requirements  of  having  the  new  equip- 
ment fit  in  with  that  already  in  the  plant  and  thus  form  a  satis- 
factorily working  unit  at  least  expense,  while  still  conserving 
as  far  as  possible  the  money  already  expended. 

36  The  special  lines  along  which  adaptation  has  to  be  se- 
cured in  any  individual  textile  plant  of  course  depend  to  a 
great  degree  upon  the  complexity  of  its  power  plant  equipment 
and  power  uses,  differing  all  the  way  between  the  comparatively 
simple  condition  of  an  all  steam  using  plant  burning  coal  for 
power  uses  only,  and  the  plant  making  large  use  both  of  manu- 
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facturing  steam  taken  from  power  producing  units  -and  of  water 
wheel  equipment  requiring  extensive  relaying  by  steam. 

37  The  question  of  power  plant  location  will  of  course  be 
atJ'ected  by  the  presence  of  one  or  all  of  these  factors,  for  the 
grouping  of  this  equipment,  so  that  it  can  be  handled  Avith  the 
fewest  possible  men,  has  a  considerable  effect  on  the  linal  cost 
of  powei".  If  steam  is  lo  be  used  through  engines  or  turbines 
for  inanufacturing  ])ui'])oses,  it  is  vei\y  desirable  that  the  loca- 
titin  of  the  ixiwei-  house  should  be  near  that  of  these  manufactur- 
ing uses,  botii  U)  avoid  droj)  of  pressure  in  the  lai;ge  steam  mains, 
and  to  keep  the  cost  as  low  as  possible. 

38  EJecfr'ic  T  ransm'isHio7i  as  an  Aid  to  Adapt  at  ion.  The  de- 
velopment of  electric  transmission  makes  possible  the  gathering 
together  of  all  steam  power  producing  machinery  in  a  single 
station  under  the  charge  of  a  comparatively  small  group  of 
men  and  leaves  the  designer  free  to  locate  that  station  where 
it  will  have  room  for  further  development,  be  convenient  for 
coal  handling,  and  out  of  the  way  of  manufacturing  processes. 
It  sets  free  for  manufacturing  use  a  considerable  portion  of 
space  which  was  formerly  taken  up  by  belt  towers  and  belt 
ways,  main  lineshafting,  bevel  gears,  quarter  turn  and  rope 
drives,  all  of  which  were  heavy  and  extremely  expensive  both 
as  to  first  cost  and  maintenance. 

39  Above  all  it  enables  manufacturing  buildings  to  be  placed 
in  any  manner  best  suited  to  location  and  manufacturing  con- 
ditions, and  renders  easy  the  changing  and  regrouping  of 
machinery  which  in  some  departments  of  textile  Avork  is  con- 
stantly going  on  owing  to  changed  demands  for  production. 

40  Electric  Transmission  in  Connection  ivith  Water  Fotoer. 
By  the  installing  of  generators  on  waterwheels  it  gives  this 
portion  of  power  a  flexibility  which  it  has  never  before  had 
and  it  thus  somewhat  simplifies  the  serious  problem  of  relaying 
this  power. 

41  In  many  instances  it  is  found  possible  to  gain  the  neces- 
sary flexibility  and  prolong  for  a  considerable  time  the  useful 
life  of  old  waterwheel  equipment  by  means  of  installing  belted 
generators  connected  to  the  main  shafts  of  these  old  wheels. 
While  this  is  not  an  efficient  means  of  generating  and  transmit- 
ting power,  the  relatively  small  cost  at  which  the  necessary  added 
equipment  can  frequently  be  installed,  compared  with  that  of  an 
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entire  new  equipment  of  waterwheels  and  direct-connected  gen- 
erators, makes  the  real  cost  of  power  thus  secured  for  the  time 
being  very  atti-active  and  retards  the  otherwise  necessary  ex- 
penditure of  large  sums  of  money. 

PLANTS  WHICH  ILLUSTRATE  THE  POINTS   MENTIONED 
4-2     A  l)rief  description   of  several  installations   which  ha\e 
recently  been  made  under  the  supervision  of  the  writer's  office 


Fig.  1     Plan  View  of  Power  Plant  for  the  Bristol  Manufacturing 

Company 

serve  to  illustrate  the  working  out  of  many  of  these  points. 
Before  beginning  construction  work  on  some  of  these  plants 
which  presented  especially  difficult  points,  the  writer  consulted 
freely  with  engineers  who  have  had  large  experience  and  wishes 
to  make  acknowledgment  of  the  courtesy  and  assistance  re- 
ceived from  them. 

A  SIMPLE  DEVELOPMENT 

4;')  Figs.  1  and  2  show  the  plan  ^iew  and  outside  of  the 
station  of  The  Bristol  Manufacturing  Company,  Bristol,  Conn., 
to  illustrate  a  small  and  very  simple  power  development.  This 
power  house  is  wholly  of  monolithic  reinforced  concrete. 
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44  The  station  runs  in  conjunction  with  waterwheels  and 
is  situated  in  an  irregular  corner  of  the  property  between  a 
public  street  and  the  railroad,  and  out  of  the  way  of  valuable 
manufacturing  space.  It  provides  room  for  expansion  of  the 
power  plant  up  to  the  limits  of  the  possible  development  of 
the  property, 

44  The  plant  consists  of  horizontal  return  tubular  boilers  and 
a  Cooper  Corliss  engine  driving  a  direct-current  generator.    The 


Fig.  2    Outside  View  of  Power  Plant  uf  Bklstul  Manufacturing  Company 


power  for  the  pumps  and  auxiliaries  is  taken  direct  from  engine 
during  running  hours.  The  waterwheels  are  mechanically  con- 
nected to  mill  drives  and  used  to  fullest  extent  possible  at  all 
times.  The  motors  drive  on  to  same  main  shafts  and  supply 
the  varying  make-up  load. 

45  Fig.  2  shows  the  simple  system  of  supporting  both  manu- 
facturing steam  line  and  cables  from  wrought-iron  columns  in 
the  mill  yard. 

A  PLAIN  GOODS  COTTON  MILL 

46  An  example  of  a  simple  station  for  a  plain  goods  cotton 
mill  is  furnished  by  that  of  The  Salmon  Falls  Manufacturing 
Company,  Salmon  Falls,  N.  H.  (Figs.  3a  and  3b). 

47  Their    need    was    for    added    steam    equipment    both    to 
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furnish  more  power  and  to  relay  an  extremely  variable  water 
power  development.  This  was  furnished  by  the  building  of  a 
concrete  and  brick  turbine  house  adjoining  the  old  boiler  house 
and  installing  a  T50-kw,  3600-r.p.m.  General  Electric  steam  tur- 
bine, C(mnected  to  a  Westinghouse  LeBlanc  condenser.  Arrange- 
ment was  made  for  taking  the  heater  make-up  water  for  boiler- 
feed  supply  from  the  discharge  of  this  condenser. 

48  The  turbine  house  is  built  with  one  temporary  end,  space 
Ijeing  provided  for  extension  both  of  turbine  and  boiler  rooms. 

49  The  present  boiler  house  situation  was  met  by  replacing 
old  worn-out  boilers  with  new  Manning  type  boilers. 


;^ I    ~'pr>,  fc 
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Fig.  3a     Elevation  of    Power    Plant    for  Salmon    Falls    Manufactur- 
ing Company 


50  The  method  of  tying  in  with  the  old  water  power  develop- 
ment which  here  proved  most  practicable  was  by  installing 
rather  large  sized  motors  connecting  to  the  main  shafting  groups, 
and  when  water  gave  out  disconnecting  from  waterwheel  by 
means  of  clutches,  many  of  which  were  a  part  of  the  old 
equipment. 

51  As  a  part  of  this  development,  the  entire  mill  group  was 
equipped  with  an  electric  lighting  system  consisting  of  tungsten 
lamps.     These  replaced  gas  lighting  from  a  gas  plant  which 
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the  owners  themselves  operated.  By  this  change  they  secured 
more  and  better  illumination  and  a  more  convenient  source  of 
light  at  reduced  cost. 

A  REVISION  OF  WATER  POWER  DEVELOPMENT 

52  A  recently  installed  hydroelectric  unit  for  the  Merrimack 
Manufacturing  Company,  Lowell,  Mass.,  serves  well  to  illustrate 
certain  conditions  which  frequently  have  to  be  met  in  connec- 


Fig.  3b    Plan  of  Power  Plant  for  Salmon  Falls  Manufacturing  Company 


tion  with  water  power  revision  in  an  old  textile  mill  when  such 
becomes  necessary. 

53  A  considerable  portion  of  the  power  required  for  this 
group  of  mills  had  originally  been  furnished  from  Boyden 
wheels  connected  by  bevel  gears  to  systems  of  main  lineshafts 
in  mill  basements.  As  is  always  the  case  with  any  water  power 
develf)l)ment  in  that  locality  this  requiras  extensive  Volayiiig  with 
some  form   of  coal  burning  imits  and   had   been   provided   by 
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means  of  steam  engines  geared  or  driving  direct  on  to  certain 
groups  of  this  main  shafting. 

54  In  order  to  provide  power  for  one  mill  group  situated  on 
a  higlier  level,  there  had  been  in  service  a  line  of  inclined  shaft- 
ing some  220  ft.  long  driving  through  two  sets  of  bevel  gears 
from  the  extreme  end  of  a  main  shaft  about  700  ft.  long,  on 
which  had  been  geared  5  waterwheels  and  to  the  other  end  of 
which  a  highly  economical  triple  expansion  vertical  engine  (Fig. 
4)  was  direct-connected. 

55  Economical  Direct  Engine  Drive.  This  engine  uses  ^steam 
at  pressures  from  120  to  200  lb.  per  sq.  in.  according  to  load, 
and  by  repeated  careful  tests  was  found  to  have  an  economic 
range  anywhere  between  700  and  2000  i.h.p.  and  thus  is  well 
suited  to  the  extreme  variations  in  load  which  it  has  to  meet, 
and  exemplifies  a  simple  and  efficient  means  of  relaying  water 
power.  The  direct  connection  of  engine  to  shaft,  dctes  away  with 
transmission  losses  due  to  ropes  or  belts  and  the  heavy  up- keep 
on  same.  The  engine  might  sometimes  preferably  be  placed 
midway  the  length  of  shaft,  but  in  this  instance  was  placed 
at  one  end  both  better  to  conform  to  requirements  as  to  available 
space  and  to  make  main  high-pressure  steam  lines  as  short  as 
possible. 

56  Waterwheel  Equipment.  The  waterwheels  which  had 
originally  driven  the  picker  building,  and  a  portion  of  those 
on  the  main  lineshaft,  were  entirely  worn  out,  having  been  in- 
stalled in  the  early  50's  and  in  order  to  make  use  of  water  power 
required  replacing  l)y  a  new  development. 

57  Through  improvements  in  the  river  bed,  its  average  level 
had  Ijeen  lowered  several  feet  leaving  the  wdieel  pits  and  tail 
races  of  these  old  wheels  in  a  position  where  for  much  of  the 
vear  they  could  not  take  advantage  of  the  full  available  water 
fall. 

58  There  were  already  in  service  enough  good  wheels  on 
good  mechanical  drives  to  absorb  that  portion  of  water  power 
which  can  be  depended  upon  at  all  times  and  does  not  require 
relaying. 

59  Neio  Development  Determined  Upon.  While  it  is  the 
writer's  opinion  that  the  more  direct  portions  of  these  mechani- 
cal drives  cannot  be  improved  upon  by  any  system  of  electric 
transmission,  it  was  desirable  in  carrying  out  the  new  water- 
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w  1uh4  ilevelopineiit  to  do  away  with  the  portions  dependent  upon 
much  gearing  and  to  provide  for  fiexil)ility,  so  that  this  portion 
of  jiower  could  be  used  where  mill  conditions  should  deuiand. 
To  meet  these  requirements  electric  transuiission  again  seemed 
to  ort'er  the  best  solution. 

t)0     It  was  decided  to  drive  the  Picker  liuilding  by  motor  and 
the  mill  formerly  driven  by  inclined  shaft,  and  to  make  use  of 


Fig.  4     Direct-Connected  Triple-Expansion  Steam  Engine   in  Plant  of 
Merrimack  Manufacturing  Company 


the  main  feeder  and  tail  race  of  one  of  the  old  wheels  so  far  as 
possible  in  the  new  development.  The  basement  of  the  old  mill 
building  was  too  low  for  a  suitable  generator  room  without  in- 
terfering seriously  with  valuable  mill  space,  and  in  any  event 
the  old  main  lineshaft  could  not  be  disturbed. 

61  The  original  feeder  from  a  point  just  inside  the  mill  was 
extended  and  gradually  enlarged  from  a  diameter  of  8  ft.  to 
12  ft.,  being  carried  dowm  through  the  side  of  the  old  wheel 
pit,  under  the  main  shaft,  then  up  and  out  through  the  mill  wall 
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Fig.  5     Interior  of  Wheel  Room  showing  Waterwheel  and  Generator 
AT  Merrimack  MANUFArTURiNG  Company 


Fig.  6    View  of  Saddle  for  Draft  Tube  and  Opening  for  Main  Feeder 
Waterwheel  at  Merrimack  Manufacturing  Company 
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Fig.  7    Exterior  View   of  Wheel  House  at  Merrimack  Manufacturing 

Company 


Fig.  8  View  looking  into  Tail  Race  of  Waterwheel  at  Merrimack  Manu- 
facturing Company,  showing  Concrete  Lining  in  Portion  newly 
cut  down 
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and  to  the  entrance  of  the  wheel  casing  situated  in  a  small  in- 
dependent building  outside  and  apart  from  the  main  mill. 

f)-2  This  wheel  was  so  located  as  to  have  its  draft  tube  dis- 
charged directly  into  the  old  tail  race  Avhich  was  cut  down  for 
a  dei)tli  of  about  G  ft.,  its  whole  length,  to  the  ri\er.  This  cut- 
ting was  in  solid  rock  and  the  bottom  and  sides  were  made  smooth 
with  concrete  (Fig.  8).  In  this  way  the  full  present  fall  from 
canal  to  river  is  made  available  and  upon  the  test  of  wheel  the 
losses  through  feeder  and  tail  race  were  found  to  be  small.  The 
Holyoke  Machine  Company  furnished  the  wheels  which  work 
normally  under  from  36  ft.  to  39  ft.  fall  and  run  at  '200  r.p.m. 
Current  is  furnished  by  a  1100  kv.a.,  2300-volt  3-phase  alternat- 
ing current  generator,  and  the  greater  portion  is  used  on  2200- 
volt  motors. 

A   STEAM   TURBINE   STATION    FOR   PLAIN    GOODS   COTTON    MILL 

63  A  larger  installation  and  one  calling  for  considerable 
adaptation  to  local  conditions  is  that  of  The  Boott  Mills,  Lowell, 
Mass.  This  is  a  plain  cotton  goods  mill  doing  neither  bleaching 
nor  dyeing  and  employing  manufacturing  steam  only  for  slash- 
ing and  a  few  minor  uses. 

64  A  considerable  portion  of  its  power  is  at  times  furnished 
by  nine  old  vertical  waterwheels  subdivided  into  four  groups 
and  located  in  the  various  mill  buildings.  The  power  thus 
available  is  not  far  from  3650  h.p.  maximum,  and  2920  normal, 
but  decreases  to  between  1300  and  1400  h.p.  during  extreme  dry 
weather  periods,  thus  requiring  extensive  relaying.  At  the  time 
when  the  new  steam  plant  development  was  undertaken,  power 
in  addition  to  that  of  waterwheels  and  for  the  relaying  of  same 
was  being  furnished  by  two  sets  of  old  twin  Corliss  condensing 
engines  and  by  an  extensive  purchase  of  current  from  a  public 
service  corporation. 

65  The  boiler  equipment  consisted  of  six  B.  &  W.  boilers  of 
305  normal  h.p.  each,  all  in  good  condition,  and  a  good  chimney 
200  ft.  high.  The  boilers  and  engines  occupied  the  lower  por- 
tion of  one  of  the  mill  buildings.  Serious  shortage  of  power  at 
times  of  low  water  made  a  large  increase  of  steam  equipment 
necessary. 

66  The  value  of  the  existing  boiler  plant  together  with  othei- 
local  conditions  made  it  seem  advisable,  after  careful  investiga- 
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tion,  to  retain  the  power  plant  practically  in  its  old  location. 

67  Possibilities  of  Low  Pressm^e  Turbine.  The  possibility 
was  considered  of  increasing  the  available  power  output  by 
means  of  a  low-pressure  turbine  taking  steam  from  old  engines 
but  found  impracticable  because  of  the  extremely  advanced 
age  and  light  construction  of  the  engines.  So  far  as  the  writer's 
experience  goes  this  has  pro\ed  to  be  the  determining  factor 
in  a  number  of  cases  where  this  expedient  has  been  considered. 
The  engines  in  man}'  textile  mills  are  now  very  old,  having 
served  the  full  period  generally  allowed  to  constitute  the  useful 
life  of  such  a  machine  and  frequently  are  of  much  lighter 
construction  than  the  best  engines  of  a  later  date. 

68  To  install  expensive  new  equipment  dependent  upon  and 
forming  a  unit  with  such  engines,  does  not  seem  justifiable, 
however  desirable  it  might  be  were  the  engines  and  flywheel  of 
thoroughly  good  construction.  It  was  finally  decided  to  aban- 
don the  manufacturing  floors  over  the  space  originally  occupied 
by  the  old  engines,  to  wall  off  this  portion,  do  away  with  one 
of  these  engines  and  to  convert  this  space  into  the  start  of  a 
modern  steam  turbine  room. 

69  /Special  Conditions  Requiring  Adaptation.  Crossing 
diagonally  under  the  end  wall  of  the  building  and  extending 
well  under  the  space  which  must  be  occupied  by  steam  turbines 
were  the  two  tail  races  of  one  of  the  group  of  waterwheels,  and 
the  arches  of  these  old  tail  races  were  not  of  particularly  good 
construction  or  suitable  to  form  portions  of  foundations  foj- 
modern  large  sized  units.  Still  further,  in  order  to  provide 
for  the  ultimate  capacity  of  the  plant  desired  by  the  owners,  it 
was  necessary  to  economize  more  than  ordinarily  in  the  use  of 
room,  as  space  available  in  this  location  was  much  cramped. 

70  The  solution  of  the  whole  problem  which  at  once  over- 
came all  these  difficulties  was  found  by  supporting  the  main 
generating  units  on  a  system  of  deep  transverse  girders  whose 
columns  were  either  carried  directly  to  ledge  rock  or  supported 
on  other  girders  over  the  raceway  and  the  supports  of  which 
were  likewise  carried  to  rock. 

71  In  this  way  a  basement  was  secured  giving  only  a  small 
amount  less  room  than  that  of  the  floor  above  and  saving  for 
other  uses  practically  all  the  space  usually  occupied  by  founda- 
tions, but  every  inch  of  which  will  ultimately  be  needed  for  con- 
densers, feed  pumps,  fan,  engines  and  main  piping. 
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72  The  supporting  of  machines  on  girders  made  possible  the 
placing  of  condensers  directly  under  exhaust  nozzles  of  steam 
turbines  and  in  the  case  of  the  present  LeBlanc  condenser  unit 
and  one  future  unit,  the  connecting  of  condenser  discharge 
through  a  water  sealed  pipe  directly  to  tail  race,  thus  consider- 
ably decreasing  the  work  which  c<;ndenser  turbine  has  to  do. 

73  The  New  E qmpme'id:  The  first  luiit  of  this  grou])  which  is 
a  General  Electric  steam  tiirl)ine  of  3244  kw.  capacity  at  SO  per 
cent  power  factoi-,  running  at  ISOO  r.p.m.  and  genei-atiiig  ;j-phase 
60-cycle  current  at  (tOO  volts,  has  now  l)een  in  service  about  a  yeai- 
and  a  half,  and  has  been  i-unning  constantly  in  a  thoroughly  sat- 
isfactory numner  with  no  trouble  from  vil)rations  or  other  causes. 
This  is  illustrated  in  Fig.  0  and  is  specially  mentioned  l)ecause 
so  far  as  the  writer  knows  this  is  the  first  instance  where  a  large 
machine  has  been  supported  by  transverse  girders.  There  are 
several  earlier  instances  where  machines  of  other  makes  and  of 
large  size  have  been  supported  by  longitudinal  girders. 

74  The  question  of  securing  needed  additional  boiler  capac- 
ity has  been  solved  for  the  present  by  installing  an  induced  draft 
fan  and  economizer,  the  engine  which  drives  the  fan  lieing 
placed  in  the  basement  under  the  main  turl)ine  room  tloor  (Fig. 
10)  together  with  the  boiler  feed  pumps,  thus  grouping  all 
auxiliaries  together  wdiere  they  are  away  from  the  dust  and 
dirt  of  the  boiler  room  and  imder  the  constant  observation  of 
the  turbine  room  attendant. 

7r»  The  drips  from  heating  systems  in  winter  and  from 
slashers  at  all  times  are  returned  to  a  small  open  heater  to  which 
fan  engine  and  condenser  turbine  exhaust.  Water  is  taken 
from  this  reservoir  to  economizer  usually  at  about  90  to  100 
deg.  temperature,  thus  leaving  an  ample  range  through  which 
the  economizer  can  and  does  work. 

76  The  whole  equipment  thus  forms  a  compact  unit 
and  even  with  the  light  loading  which  at  times  results  from  the 
steam  tiu'bine  being  in  part  a  rela}'  to  the  w^aterwheel  equipment, 
the  over-all  economy  of  this  steam  group  has  been  excellent. 

77  A  connection  for  stage  extraction  of  steam  for  use  in  mill 
heating  is  provided  on  this  machine,  and  the  piping  connections 
necessary  in  the  station  are  already  completed,  but  as  the  re- 
vision of  heating  s^^stem  throughout  the  mills  has  not  as  yet 
been  made,  this  has  not  been  used. 
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STEAM  TURBINE   ISOLATED  STATION 

78     A  power  plant  recently  built  for  the  West  Point  Manu- 
facturing Company,  Langdale,  Ala.,  furnishes  an  example  of  a 
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Fig.  9 


Sectional  Side  Elevation  of  Turbine  Room  for  Boott  Mills, 
SHOWING  Support  of  Turbine  by  Girders 


complete  new  development,  situated  out  of  the  way  of  and  apart 
from  manufacturing  buildings  and  with  unlimited  space  for 
expansion  to  meet  possible  requirements  of  a  series  of  mill 
groups.  The  primary  purpose  of  this  development  was  to  fur- 
nish a  relay  to  a  water  power  development. 
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Fig.  10    Interior  View  of  Main  Floor  of  Turbine  Room  at  Boott  Mills 


Fig.   11     Outside  View  of  Turbine  and  Boiler  House  for  West  Point 
Manufacturing  Company,  Langdale,  Ala. 
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79  The  old  power  plant  at  this  group  was  so  situated  as 
to  have  very  limited  coal-handling  facilities  and  no  room  for 
further  extension,  while  the  new  location  chosen  (Fig.  11)  is  in  a 
natural  amphitheater  which  offers  ready  means  for  handling 
and  storing  large  quantities  of  coal  by  merely  dumping  from 
a  trestle. 

80  There  is  also  an  unlimited  supply  of  condensing  water 
close  at  hand.  This  is  taken  from  discharge  of  waterwheels  and 
furnishes  an  element  which  is  lacking  or  difficult  of  access  at 
some  of  the  other  mill  groups.  These  two  combined  advantages 
of  location  thus  make  this  the  natural  point  for  the  start  of 
a  central  station. 

81  The  unit  first  installed  consisted  of  two  308-h.p.  Heme 
boilers  and  a  T50-kw.  General  Electric  Company  3600-r.p.m. 
2-stage  steam  turbine  ct)nnected  to  a  LeBlanc  condenser  and 
with  generator  for  600  Aolts.  As  there  was  good  prospect  of 
grow'th  in  the  immediate  future,  the  boiler  house  was  built  large 
enough  for  five  units  and  the  turbine  room  (Fig.  12)  made 
sufficient  in  size  for  one  additional  larger  imit.  The  three  extra 
boilers  and  a  2000-kw.  steam  turbine  are  now  in  process  of 
erection  in  these  spaces,  as  is  also  a  permanent  brick  chimney 
to  replace  the  temporary  steel  stack  wdiich  served  the  first 
installation. 

LARGE   PLANT   PRODUCING   CARPETS   AND    CARPET    YARNS   AND    HAVING 
EXTENSIVE  DYE  HOUSES 

82  An  installation  on  which  an  exceptional  number  of  special 
problems  had  to  be  met  was  that  of  the  Bigelow  Carpet  Com- 
pany in  Lowell,  Mass.,  a  large  corporation  engaged  in  the 
manufacture  of  carpet  yarns  and  carpets. 

83  This  company  has  extensive  dye  houses  which  make  a 
more  than  ordinaril}^  constant  demand  for  large  quantities  of 
low-pressure  steam,  a  portion  of  which  had  been  furnished  by 
the  exhaust  from  old  engines. 

84  The  irregular  grouping  of  buildings  in  this  plant  made 
any  form  of  mechanical  transmission  of  power  particularly 
difficult  and  resulted  in  many  complicated  drives  and  heavy 
friction  losses.  The  plant  is  situated  in  the  heart  of  the  city 
where  land  values  are  high  and  a  desirable  vacant  space  for 
a  power  station  was  lacking. 

85  A  portion  of  its  power  was  being  obtained  from   three 
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vertical  waterwheels,  two  being  in  one  group,  all  situated  in 
mill  basements  and  all  very  old. 

86  Most  Advantageous  Position  jar  New  Station  as  Schemed 
hy  Analysis.  In  the  power  plant  analysis  which  had  preceded 
the  undertaking  of  this  development,  the  many  advantages 
of  a  combined  steam  turbine  and  hydroelectric  station  located  on 
the  space  then  occupied  by  the  small  mill  building,   in   whose 


Fig.  12     Steam  Turbine  Room,  West  Point  Manufacturing  Company 

basement   the    two    old    waterwheels    were    situated,    had    been 
pointed  out. 

87  A  SA^stem  of  concrete  feeders  extending  from  the  main 
canal  to  wdthin  a  few  feet  of  this  building  had  been  installed 
only  recently  at  considerable  expense.  This  building  was  also 
located  in  close  proximity  to  new  dye  houses  then  under  con- 
struction, where  large  quantities  of  low-pressure  steam  would 
be  required.  By  abandoning  the  three  old  waterwheels  and' 
making  all  new  development  in  one  location,  the  old  single  feeder 
became  an  excellent  underground  tunnel  for  pipes  and  electric; 
cables. 

88  This  tunnel  was  available  in  part  for  a  passageway  to  and 
a  means  of  getting  steam  from  boiler  house  to  turbine  house 
and  throughout  as  a  means  both  of  distributing  electric  cur- 
rent, and  furnished  space  for  a  water  pipe  line  from  feeder  to 
dye  house.     The  old  w^heel  pit  too,  became  available  at  small 
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expense  as  a  much  needed  central  low  point  to  which  all  plant 
steam  returns  could  be  drained  and  thence  pumped  to  the  boiler 
house. 

89  It  was  decided  to  demolish  the  old  building  and  in  its 
place  build  one  which  would  accommodate  a  complete  new  water- 
wheel  equipment  Avith  groups  of  wheels  direct-connected  to  elec- 
tric generators,  a  steam  turbine  station  for  present  and  all  antici- 
pated future  development  and  besides  provide  above  the  sec- 
tion used  for  power  station,  two  floors  of  manufacturing  space. 
This  manufacturing  space  is  occupied  by  picker  machinery.  The 
floors  match  those  of  adjoining  mill  building  and  afl^ord  com- 
nmnication  to  other  groups. 

90  Description  of  New  Building  and  Poioer  Plant  Equip- 
ment. One  corner  of  the  rectangle  otherwise  available  was  taken 
up  by  the  stair  tower  of  an  adjoining  mill  and  in  the  remaining 
space  switchboard  galleries  and  exciters  were  located. 

91  As  shown  in  Figs.  13-17,  the  main  turbine  room  floor  is 
situated  directly  over  the  waterwheels  which  are  placed  in  con- 
crete waterways  with  foundations  extending  down  to  bed  rock. 

92  The  waterwheel  generators  are  accommodated  in  a  small 
space  at  the  far  end  of  the  building,  and  at  an  elevation  corres- 
ponding to  that  of  the  bottom  of  the  waterways. 

93  This  portion  of  work,  up  to  and  including  the  turbine 
room  floor,  is  of  reinforced  concrete  and  was  so  designed  and 
built  that  steam  turbine  units  of  much  greater  size  than  those 
now  required  can  be  placed  anywhere  in  the  space  as  may  be 
desired. 

94  The  present  steam  turbine  equipment  consists  of  three 
750-lrw.  General  Electric  units  especially  designed  with  top  ex- 
hausts and  capable  of  being  run  either  condensing  in  the  ordin- 
ary way  or  non-condensing  against  a  back  pressure  of  6  to  10 
lb.  These  turbines  are  connected  in  groups  of  two  with  West- 
inghouse  LeBlanc  condensers,  the  space  for  the  fourth  turbine 
unit  as  yet  being  vacant. 

95  Water  for  those  condensers  is  taken  from  the  middle 
waterwheel  feeder  and  after  doing  its  work  in  condensers,  is 
returned  to  the  feeder  where  it  is  later  used  through  waterwheels, 
so  that  there  is  thus  no  extra  use  of  water  for  condensing  pur- 
poses. 

96  The  steam  connections  to  condensers  are  controlled  by 
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motor-operated  gate  valves.  Besides  the  connection  to  condieii- 
ser,  the  exhausts  of  two  of  these  turbines  are  also  connected  to  a 
'iO-in.  low-pressure  steam  line  leading  to  the  dye  house  and 
the  low-pressure  piping  system  of  the  plant. 

97  All  steam-driven  auxiliaries  in  this  station  were  designed 
to  run  against  a  back  pressure  and  are  connected  to  the  low- 
pressure  main.  Additional  connections  are  provided  for  the 
condenser  turbines  so  that  thev  mav  exhaust  direct  to  the  con- 


Fig.  14     Waterways,  Draft  Tubes  and  Turbine  Room  Floor,  Bigelow 

Carpet  Company 


denser  should  they  have  to  run  for  long  periods  when  the  dye 
house  is  not  in  operation.  The  reducing  valve  connection  direct 
from  high-pressure  to  low-pressure  lines  is  also  located  in  this 
room. 

98  The  operating  switch  mechanism  for  generating  and  dis- 
tributing circuits  from  the  steam  turbines  and  three  waterwheel 
generators  is  all  controlled  from  the  lower  switchboard  gallery, 
the  switchboard  carrying  the  indicating  and  recording  instru- 
ments being  mounted  here.  The  oil  switches  are  mounted  in  the 
gallery  above.  This  portion  of  the  apparatus  was  furnished  by 
Westinghouse  Company. 

99  A  set  of  gages  from  all  important  lines  in  the  station  is 
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also  mounted  on  a  special  panel  of  this  switchboard.  The  at- 
tendant thus  has  the  whole  working  of  the  station  at  all  times 
under  control  and  he  so  adjusts  the  loads  on  the  non-condensing 
and  condensing  machines  as  to  maintain  a  constant  pressure  in 
the  low-pressure  manufacturing  steam  line. 

100  Turhine  Casing  Drainage.  Each  of  the  three  steam  tur- 
bines being  of  the  top  exhaust  type,  is  fitted  with  casing  drains 
and  traps  to  take  care  of  whatever  moisture  may  accumulate  in 
the  exhaust  casing. 

101  Tt  will  be  interestina;  to  note  that  the  amount  of  con- 
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Fig.   15     Waterwheel  Generator  Pit,  showing  Generator  and  Water 
WHEEL  Gate  Mechanism,  Bigelow  Carpet  Company 

densation  which  experience  has  shown  that  these  traps  have  to 
handle  when  machines  are  working  against  a  back  pressure,  or 
in  other  words,  delivering  steam  to  a  low-pressure  system,  is 
extremely  small. 

102  Gage  glasses  placed  on  the  connection  from  turbine  cas- 
ing to  trap  and  observed  for  long  periods  under  running  condi- 
tions show  that  there  is  almost  no  accumulation  of  condensation 
at  this  point.  Whatever  moisture  may  be  present  when  leaving 
the  last  row  of  blades  of  these  turbines  practically  all  goes 
through  with  the  steam  into  the  low-pressure  system. 

103  Moisture  m  Steam  Leaving  TurMne.  The  writer  was 
much  interested  to  obtain  as  accurate  information  as  possible 
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Fig.  16  End  View  Main  Floor  of  Turbine  Room,  showing  Connections 
OF  Steam  Turbines  for  Supplying  Steam  used  in  manufacturing, 
BiGELOW  Carpet  Company 


Fig.  17    Side  View  Turbines  and  Switchboard,  Bigelow  Cakpet  Company 
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concerning-  the  quantity  of  this  moisture.  In  order  to  secure 
such  results  a  set  of  tests  with  one  of  these  turbines  running 
under  ordinary  mill  conditions,  exhausting  to  the  low-pressure 
system,  and  with  loads  varying  over  a  wide  range,  was  made 
January  19,  1912,  by  Prof.  Charles  W.  Berry,  of  the  Massachu- 
setts Institute  of  Technology,  using  for  this  purpose  a  constant 
pressure  superheating  calorimeter.  The  steam  at  throttle  of  this 
turbine  was  slightly  superheated,  the  amount  being  about  10 
deg.,  as  is  the  usual  condition  at  this  plant. 

104  The  quantities  of  moisture  found  were  as  follows: 

With  Load  in  Kw.  Moisture  Per  Cent 

625   4.07 

560  4.48 

410   4.98 

170   5.49 

As  would  be  expected,  the  per  cent  of  moisture  increases  as 
the  load  decreases,  the  radiation  losses  of  the  turbine  remaining 
practically  a  constant. 

105  Portion  of  Steam  Chargeable  to  Poiver.  Adding  to  this, 
in  the  worst  case,  5.5  per  cent  of  moisture  in  steam  leaving  tur- 
bine for  manufacturing  use,  the  percentage  representing  the  dif- 
ference in  heat  energy  between  a  pound  of  dry  steam  at  150  lb. 
boiler  pressure  and  a  pound  of  dry  steam  at  manufacturing 
pressure  of  say,  G  to  7  lb.  gage,  we  have  about  9  or  10  per  cent. 
Then  increasing  this  by  a  liberal  allowance  for  all  losses  and 
varying  conditions,  it  seems  to  the  writer  that  the  quantity  of 
steam  which  should  be  charged  to  power  purposes  when  being 
exhausted  from  a  steam  turbine  on  its  way  to  manufacturing 
or  heating  as  above,  does  not  exceed  12  per  cent  and  that  for 
the  ordinary  pressure  ranges  with  practicallv  dry  saturated 
steam  from  boiler  this  value  may  well  be  used. 

106  This  station  has  been  in  full  operation  in  the  manner 
indicated  and  furnishing  all  power  to  the  plant  since  June  1911. 
The  entire  substituting  of  motor  for  mechanical  drives  has  in 
this  case  proved  very  satisfactorj^,  as  the  grouping  of  buildings 
was  such  as  to  present  many  difficulties  with  any  other  system. 

107  The  quantity  of  work  being  done  in  the  dye  house  sec- 
tions is  constantly  increasing,  and  the  portion  of  total  power 
done  on  non-condensing  turbines  has  proportionately  increased. 
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108  Lest  it  should  be  thought  that  the  writer  unduly  favors 
electric  transmission,  inasmuch  as  most  of  the  examples  above 
mentioned  have  to  do  with  the  use  of  this  method,  it  should 
be  mentioned  that  this  is  not  the  case.  The  examples  given  were 
all  taken  from  the  work  of  his  office  during  a  short  period  which 
happens  to  cover  a  group  of  cases  where  flexibility  was  one  of 
the  most  important  determining  factors.  In  these  cases  flexi- 
bility was  most  advantageously  secured  through  electric  trans- 
mission. 

109  The  greater  portion  of  the  plants,  however,  still  con- 
tain older  groups  on  direct  mechanical  drives.  Where  such 
drives  are  now  in  position,  are  reasonably  direct  and  well  con- 
structed and  where  loads  are  fairly  constant,  their  abandoning 
Avould  certainly  in  many  cases  be  undesirable. 

110  Any  new  installation  has  to  be  considered  with  reference 
to  its  own  special  group  of  conditions  and  requirements  taken 
together  as  a  whole  and  in  the  writer's  opinion  no  general  rule 
can  be  laid  down,  for  almost  certainly  there  will  be  found  cases 
where  each  form  of  transmission  will  be  the  cheapest  and  best. 

RELAY   POWER 

111  By  relay  power  is  meant  the  power  to  supplement  the 
usual  or  cheapest  form  of  power  and  to  take  its  place  in  case 
of  failure.  So  far  as  the  demands  of  textile  mills  are  concerned, 
such  power  may  be  subdivided  into  two  groups  because  of  the 
dilferent  conditions  ali'ecting  them. 

112  Relaying  almost  always  serves  to  relieve  (a)  either  a 
shortage  of  water  power  which  can  be  definitely  foreseen  and  will 
take  place  in  all  plants  in  a  given  vicinity  at  the  same  time  or 
(b)  to  furnish  an  added  source  of  power  available  during  times 
of  accident  to  the  ordinary  equipment.  It  is  then  merely  a  form 
of  insurance  against  events  which  can  be  expected  to  take  place 
at  no  regular  interval  or  predetermined  time. 

113  Mills  using  water  power  have  usually  had  to  provide 
for  the  first-mentioned  kind  and  a  group  of  such  mills  on  a  given 
stream  must  each  provide  for  about  the  same  proportion  of 
such  power. 

114  Auxiliary  Equiprnent  as  Insurance  Against  Shutdowns. 
When  we  come  to  the  second  form,  however,  it  has  in  times 
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past  beeu  rather  usual  for  textile  plants  to  make  little  provision 
for  added  units  to  meet  conditions  of  accident  This  is  due  to 
the  long  period  of  shutdown  during  each  24  hours,  allowing  for 
ordinary  repairs,  and  to  the  greatly  increased  cost  for  maintain- 
ing such  equipment. 

115  There  is,  however,  a  growing  tendency  to  make  some 
provision  for  added  sources  to  relieve  the  danger  of  failure  by 
the  ordinary  power.  In  many  cases  managers  would  be  glad 
to  increase  this  form  of  insurance  greatly,  could  a  proper  solu- 
tion of  the  question  of  cost  be  found. 

116  In  order  to  protect  fully  a  group  of  independent  plants 
would  require  duplicate  equipment  for  their  whole  combined 
output,  but  this  same  group,  if  united  together  and  provided 
with  one  source  of  relay  power,  could  be,  practically  speaking, 
fully  protected  by  an  equipment  very  much  less  than  that  of  the 
combined  plants.  The  proportionate  quantity  of  such  equipment 
required  to  give  protection  would  decrease  rapidly  with  an  in- 
creased number  of  plants  served. 

117  This  supplying  at  low  cost  power  connections,  serving 
merely  as  an  insurance  against  accident  to  the  ordinary  equip- 
ment, is  a  phase  of  power  plant  development  which  it  seems 
to  the  writer  should  receive  more  attention  than  it  has  in  the 
past. 

118  The  Public  Service  Station  as  a  Means  of  Sujyplying 
Insurance.  The  public  service  corporation  would  seem  to  be  in 
a  position  to  undertake  this  service  at  rates  which  would  be  at- 
tractive and  profitable  both  to  itself  and  to  those  it  would  serve. 
With  few  exceptions,  however,  so  far  as  the  writer  knows,  little 
or  nothing  is  being  done  by  them  at  present  time  to  develop  this 
form  of  business.  For  the  most  part  they  at  present  insist  upon 
a  minimum  charge  which  is  practically  the  equivalent  of  all 
fixed  charges  on  an  equipment  great  enough  to  handle  the  full 
connected  load  of  each  unit  served. 

119  Such  rates  are  of  course  in  no  way  attractive  to  the 
manufacturer  as  under  these  conditions  he  can  as  well  supply 
the  added  equipment  in  his  own  station  and  have  it  where  he 
can  control  its  use. 

120  Private  Stations  Serving  Groups  of  Owners.  In  certain 
sections  of  the  country  there  is  a  growing  recognition  of  the 
advantages  of  properly  located  groups  of  manufacturers  combin- 
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ing  to  produce  their  power  in  a   single  station   of   large  size 
rather  than  in  individual  stations. 

121  There  seems  no  reason  why  this  idea  should  not  prove 
of  advantage  in  many  cases  with  textile  manufacturers.  Such 
stations  could  be  jointly  maintained  and  run  by  them  with  very 
little  increased  overhead  or  supervision  charges  as  there  would 
be  no  expensive  sales,  inspection  and  advertising  departments. 
The  securing  of  relay  power  in  this  manner  as  an  insurance 
against  expensive  shutdowns  should  be  particularly  attractive. 

122  There  are  of  course  many  difficulties  in  the  way  of  carry- 
ing out  such  a  scheme,  principal  among  them  that  of  hav- 
ing a  group  of  individuals  ready  to  act  at  a  given  time  and 
the  securing  of  rights  of  wa}^  for  transmission  lines.  In  con- 
nection with  the  latter  strenuous  opposition  would  sometimes 
have  to  be  anticipated.  The  w^riter  does  not  himself  expect 
to  see  rapid  developments  along  these  lines,  but  nevertheless, 
believes  that  there  Avill  and  should  be  a  growing  recognition  of 
the  wastefulness  of  some  of  our  present  seemingly  necessary 
expenditures  for  duplicate  power  developments. 

123  It  seems  reasonable  that  much  more  than  in  the  past 
such  portions  of  power  required  by  textile  mills  as  cannot  be 
made  a  by-product  of  some  other  process  will  be  produced  in 
large  central  stations  with  the  coal-burning  units  well  removed 
from  centers  of  population  and  so  located  as  to  give  access  to 
coal  cheaply  handled. 

124  As  electric  energy  can  now  be  transmitted  for  long  dis- 
tances with  comparatively  small  loss,  there  seems  no  reason 
why  such  stations  for  serving  inland  cities  or  groups  of  cities, 
like  Lowell  and  Lawrence,  should  not  be  actually  located  at  tide- 
water, and  receive  the  full  advantage  of  the  reduced  coal  trans- 
portation rates  which  would  thus  result. 


CASE   CARBONIZING 

By  Marcus  T.  Lothrop 

ABSTRACT  OF  PAPER 

The  case-carbonizing  process  requires  an  increasing  of  the  carbon  content  of 
the  surface  of  the  material  treated  while  the  original  composition  of  the  interior 
is  retained.  It  is  essential  that  the  details  of  the  operation  be  understood  to 
secure  uniformity  of  product,  and  these  researches  were  undertaken  with  the 
object  of  determining  the  causes  of  irregularity  and  the  precaution  which  must 
be  employed  to  secure  uniform  results. 

The  experiments  undertaken  were  to  determine: 

a  The  effect  of  heat  treatment  in  case-carbonizing  steels  upon  the  phy- 
sical properties  of  the  metal. 
h  The  effect  of  temperature  used  in  case  carbonizing, 
c  The  effect  of  heat  treatment  after  case  carbonizing. 
d  The  effect  on  the  rate  and  depth  of  carbonization  of  the  composition  of 

the  steel  being  case  carbonized. 
e  The  efficiency  of  case-carbonizing  materials 

/  The  rapidity  with  which  heat  is  conducted  through  carbonizing  ma- 
terials. 
The  conclusions  deduced  in  each  case  are  listed  in  the  body  of  the  paper  under 
the  headings  corresponding  to  the  several  experiments,  and  the  detailed  results 
of  the  experiments  are  tabulated  for  further  reference  in  the  appendices. 


1995 


CASE   CARBONIZING 

By  Marcus  T.   Lothrop,  Canton,  Ohio 
Junior  Member  of  the  Society 

During  the  last  decade  the  better  understanding  of  the  consti- 
tution of  ferrous  alloys  and  the  improvement  in  apparatus  have 
led  to  great  advances  in  the  commercial  heat  treatment  of  steel. 
The  progressive  manufacturer  today  carefully  inspects  the  steels 
as  received  and  before  he  allows  them  to  enter  his  shop  knows 
their  composition  and  their  physical  condition.  After  the  raw 
material  is  fabricated  into  finished  parts,  these  parts  are  heat 
treated  to  show  the  desired  physical  properties.  This  opera- 
tion of  heat  treatment  must  be  conducted  with  certainty  and 
uniformity  and  an  inspection  of  existing  conditions  indicates 
that  the  uniformity  is  much  greater  when  the  manufacturer 
does  not  change  the  composition  of  the  metal  being  heat  treated. 
Case  carbonizing,  however,  requires  that  the  carbon  content  of 
the  material  on  the  surface  be  increased  while  the  original  com- 
position of  the  material  in  the  interior  is  retained.  The  opera- 
tion requires  that  the  user,  in  a  sense,  make  his  own  steel  and 
the  details  of  the  operation  must  be  understood  to  the  end  that 
the  operation  may  be  conducted  with  the  minimum  cost  and 
with  the  maximum  certainty  and  that  variations  and  irregulari- 
ties shall  not  creep  into  the  product. 

2  The  investigations  indicate  that,  commercially,  the  case- 
carbonizing  operation  can  be  performed  in  such  a  manner  that 
the  final  result  will  be  absolutely  uniform  and  that  the  ad- 
vantages which  accrue  from  case  carbonizing  represent  the  most 
efficient  manner  of  obtaining  the  desired  physical  properties  in 
many  constructions.  It  was  with  the  object  of  pointing  out  the 
causes  of  and  the  results  effected  by  irregularity  and  the  means 
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and  precautions  which  must  be  employed  to  produce  uniformity, 
that  these  researches  were  undertaken. 
8     The  following  points  were  studied: 

a     The  effect  of  the  composition  of  the  steel  on  the  rate 

and  depth  of  carbonization. 
b     The  effect  of  heat  treatment  on  case-carbonized  steel. 
c    The  effect  of  time  on  the  rate  and  depth  of  carboniza- 
tion. 
d     The  effect  of  temperature  and  of  composition  of  the 

steel  on  the  depth  and  nature  of  carbonization. 
e     The     efficienc}^     of     various     commercial     carbonizing 

materials. 
/     The  effect  of  depth  of  case  carbonizing  on  the  physical 

properties  of  the  finished  materials. 
g     The  commercial  thermal  conductivity  of  the  various 

case-carbonizing  materials. 
h     The   efficiency   of  copper   plating   in   preventing   car- 
bonization. 
The  materials  used  are  summarized  in  Table  1. 

EXPERIMENT  NO.  1 

THE     EFFECT     OF     HEAT     TREATMENT     IN     CASE-CAllBONIZINC 
STEELS    (TABLES  12-21) 

4  The  determination  of  a  test  method  which  would  indicate 
the  physical  properties  of  the  metal  tested  required  considerable 
trial.  A  case-carbonized  piece  of  metal,  consisting  of  a  hard 
exterior  and  a  soft  and  tough  interior,  is  so  dual  in  its  physical 
characteristics  that  tensile  tests  are  not  adequate.  This  is  due 
to  the  fact  that  when  the  case  which  is  hard  and  brittle  fails, 
the  pull  is  suddenly  applied  to  the  reduced  section  of  the  core 
and  causes  it  to  fail  so  quickly  that  the  expected  ductility  of 
the  material  fails  to  appear. 

5  The  test  finally  decided  upon  was  a  transverse  test  which 
has  the  advantage  of  approaching  the  condition  of  stress  gener- 
ally encountered  in  service.  The  test  piece  adopted  was  i/^  in. 
round,  12  in.  long,  with  10  in.  between  supports,  loaded  at  the 
center.  A  round  section  gives  a  case-carbonized  zone  of  uniform 
depth  in  all  parts  and  for  this  reason  is  superior  to  the  flat 
section  which  has  excessive  depth  in  the  corners.  The  10-m. 
center  to  center  distance  between  supports  allows  loads  large 
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enough  to  be  measured  accurately  and  gives  a  deflection  at  rup- 
ture great  enough  to  he  easily  measured.  By  means  of  this  test, 
])ieces  of  the  same  material  and  heat  treated  in  identically  the 
same  way  give  results  for  strength  and  toughness  which  check 
closer  than  by  any  other  method  tried. 


HEAT    TREATMEKT    METHOD 


6     These  test  pieces  were  packed  in  wrought-iron  pots  23  in. 
long  by  5  in.  round,  with  0.25  in.  walls,  so  that  each  was  1  in. 


TABLE   1     MATERIALS  USED 


No. 


9 
10 
11 
12 


0.15%  C  basic  open  hearth.  .  . 
0.20%  C  basic  open  hearth.  .  .  . 
0.25%  C  basic  open  hearth.  .  . 
0.10%  C  Halcomb  electric  furnace 

nickel  steel 

0. 15%  C  Halcomb  electric  furnace 

nickel  steel 

0.20%  C  Halcomb  electric  furnace 

nickel  steel 

0.25%  C  Halcomb  electric  furnace 

nickel  steel 

0.31%  C  Halcomb  electric  furnace 

nickel  steel 

0.20%  C  Halcomb  electric  furnace 

chrome  vanadium  steel 

0.50%  C  Halcomb  electric  furnace 

chrome  vanadium  steel 

0 .  50%  C  Halcomb  electric  furnace 

chrome  nickel  steel 


0.15 
0.20 
0.25 

0.10 

0.15 

0.20 

0.25 

0.31 

0.20 

0.49 

0.48 


Si 


0.02 
0.02 
0.04 

0.13 

0.09 

0.18 

0.21 

0.18 

0.13 

0.15 

0.16 


Mn 


0.68 
0.66 
0  61 

0.66 

0.70 

0.69 

0.74 

0.70 

0.50 

0.80 

0.44 


0.054 
0.038 
0.038 

0.010 

0.009 

0.007 

0.009 

0.009 

0.009 

0.009 

0.009 


0.043 

0.044 
0.046 

0.025 

0.013 

0.013 

0.009 

0.010 

0.010 

0.021 

0.009 


Cr 


Ni 


1.00 
1.18 
0.98 


3.60 
3.54 
3.59 
3.55 
3.70 


2.02 


0.15 
0.19 


from  the  inside  wall  of  the  pot  and  1  in.  from  each  other.  Case- 
carbonizing  compound  No.  1^  was  used  in  this  experiment.  The 
precaution  of  having  everything  clean  and  dry  and  the  pots  well 
and  uniformly  tamped  down  was  carefully  observed,  and  identi- 
cal conditions  of  rate  of  heating,  cooling  and  temperature  main- 
tained. The  temperature  was  1700  deg.  fahr.  with  a  variation  of 
not  greater  than  plus  or  minus  15.  The  test  pieces  after  case 
carbonizing  were  cleaned  and  reheated  in  a  neutral  atmosphere 
to  the  temperatures  given  in  Tables  12-21,  Appendix  No.  1, 
which  are  correct  to  plus  or  minus  10  deg.  fahr.    Table  2  sum- 

1  The  analyses  of  these  and  other  compounds  are  given  in  Table  7. 
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marizes  the  results  due  to  reheating  and  annealing,  showing 
the  increases  in  strength  and  toughness.  Table  3  gives  the  tem- 
peratures at  which  the  case  ceases  to  be  file  hard  as  a  result  oi' 
drawing.  All  the  tests  recorded  in  the  tables  are  the  average  of 
closely  agreeing  duplicates,  and  were  made  on  test  pieces  whicli 
after  heat  treatment  were  file  hard. 

GENERAL    CONCLUSIONS,    EXPERIMENT     NO.    1 

7  A  study  of  the  tables  leads  to  the  following  conclusions: 
a  Strength  and  toughness  decrease  with  increasing  depth 
of  case.  This  is  important  commercially  for  with  a 
certain  steel  and  a  certain  heat  treatment  uniformity 
of  strength  and  toughness  is  impossible  if  the  depth 
of  case  varies. 


TABLE  3     EFFECT  OF  DRAWING  IN  CASE-CARBONIZED  STEELS 


Temperature  at  which  Case  Ceases 

No. 

Steel  No.            Grade 

to 

be 

Glass  hard,  deg.  fahr. 

1 

1 — .10  per  cent — C — Bessemer 

425 

2 

2— .15  per  cent— C— 0.  H. 

425 

3 

3— .20  per  cent— C— 0.  H. 

426 

4 

4— .25  per  cent— C— 0.  H. 

425 

6 

6— .10  per  cent— C— E.  F.  Ni. 

425 

0 

6— .15  per  cent— C— E.  F.  Ni. 

425 

7 

7— .20  per  cent— C— E.  F.  Ni. 

425 

8 

8— .25  per  cent— C— E.  F.  Ni. 

425 

9 

9— .30  per  cent— C— E.  F.  Ni. 

425 

10 

10— .20  per  cent— C— E.  F.  Cr.  V. 

450 

The  temperatures  are  such  that  the  case  can  just  be  touched  with  a  new  fine  file. 

h  The  critical  depth  of  case  at  which  maximum  brittle- 
ness  and  minimum  strength  occur,  depends  upon  the 
initial  carbon  content  of  the  steel  which  is  case  car- 
bonized. The  higher  the  original  carbon  content,  the 
smaller  the  ratio  of  depth  of  case  to  diameter  of  core 
at  the  point  where  this  brittleness  occurs.  The  com- 
mercial importance  of  this  point  is  that  the  manu- 
facturer using  the  steel  for  case  carbonizing  should 
know  its  composition  and  should  vary  the  depth  of 
the  carbonizing  efi^ect  as  demanded  by  the  composi- 
tion of  the  metal  being  used. 
<;     Strength  and   toughness  increase  with  double  heat  treat- 
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ment  This  result  is  to  be  expected,  for  the  dual 
nature  of  case-carbonized  steel  requires  two  thermal 
treatments  properly   to   refine   the  composite  metal. 

d  Strength  and  toughness  increase  when  the  temper  is 
drawn  at  380  deg.  fahr.  This  operation  does  not  de- 
crease the  hardness  but  relieves  in  a  greater  or  less 
degree  the  strains  set  up  in  hardening  and  makes  for 
uniformity  as  well  as  more  pronounced  physical 
properties. 

e  Annealing  after  case  carbonizing  is  a  doubtful  opera- 
tion. The  physical  improvement  with  single  heat 
treatment  may  be  obtained  by  resorting  to  double  heat 
treatment,  for  the  results  will  be  better  and  the  time 
consumed  in  the  operation  much  shorter.  Annealing 
does  not  improve  the  double  heat  treated  pieces  and 
may  even  cause  loss  of  strength  and  toughness,  due 
to  the  decarbonization  which  may  take  place.  An- 
nealing is  not  to  be  recommended. 

/  The  case-carbonized  steel  will,  with  either  double  or 
single  heat  treatment,  become  file  hard  at  tempera- 
tures too  low  for  the  best  development  of  the  maxi- 
mum strength  and  toughness.  Although  seemingly 
paradoxical,  the  dual  nature  of  the  steel  after  case 
carbonizing  will  explain  this  established  fact,  when 
one  recalls  that  the  transformations  of  the  exterior 
are  first  completed  at  low  temperatures,  and  that 
those  of  the  interior  are  last  completed  at  higher 
temperatures. 

g  All  steels  lose  their  file  hardness  when  drawn  at 
425  deg.  fahr.,  save  chrome  vanadium  which  loses  it 
at  450  deg.  fahr. 

h  The  ideal  heat  treatment  for  a  case-carbonized  steel 
may  be  assumed  to  be :  Case  carbonize  to  the  thinnest 
possible  depth  of  case  demanded  by  the  conditions 
of  service;  reheat  for  the  core;  quench  in  a  suitable 
fluid;  reheat  for  the  case;  quench  in  a  suitable  fluid; 
draw  the  temper  as  far  as  the  conditions  of  service 
will  permit. 
i  Case-carbonized  steel  parts,  such  as  gears,  etc.,  may 
be  stronger,  tougher  and  harder  than  similar  parts 
made  from  oil-hardened  steels. 
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EXPERIMENT  NO.  2 

MICROSCOPIC   EXPERIMENT   ON   THE   EFFECT   OF   HEAT   TREAT- 
MENT  AFTER   CASE   CARBONIZING 

S  The  object  of  this  experiment  was  to  determine,  if  pos- 
sible, the  constitutional  ditlerence  between  a  case-carbonized  bar 
of  steel  which  had  received  a  single  heat  treatment  (reheating 
being  a  compromise,  in  that  the  temperature  selected  may  be  a 
little  too  high  for  the  best  refinement  of  the  carbonized  zone,  and 
a  little  too  low  for  the  best  refinement  of  the  core),  and  a  piece 
of  the  same  metal  carbonized  in  the  same  manner  which  had 
received  a  double  heat  treatment,  the  first  reheating  designed 
to  be  the  best  possible  for  the  interior  or  the  core  and  the 
second  reheating  designed  to  be  the  best  possible  for  the  case  or 
carbonized  zone. 

9  Steels  Nos.  3,  7  and  10  were  case  carbonized  at  1300,  1400, 
1500,  1600  and  1800  deg.  fahr.,  and  were  treated  with  the  best 
single  and  double  heat  treatments  as  detailed  in  Experiment 
No.  1.  The  specimens  were  etched  for  10  seconds  in  a  1  per 
cent  nitric  acid  solution.  All  specimens  were  iiiartensitic  with 
double  heat  treatment. 

a  The  martensite  was  easily  distinguished  in  steel  No.  3 
(0.20  per  cent  carbon  open  hearth)  at  100  diameters 
magnification. 

h  The  martensite  was  distinguished  with  difficulty  in  the 
No.  7  steel  (0.20  per  cent  carbon  electric  furnace 
nickel  steel)  at  100  diameters  magnification. 

c  The  martensite  was  not  distinguishable  in  steel  No. 
10  (0.20  per  cent  carbon  chrome  vanadium  steel) 
at  100  diameters  magnification.  Martensite  was 
barely  distinguishable  in  this  steel  at  400  diameters 
magnification. 

10  With  single  heat  treatment 

a  The  martensite  was  very  easily  distinguished  in  the 
No.  3  steel  at  100  diameters  magnification. 

1)  The  martensite  was  easily  distinguished  in  the  No.  7 
steel  at  100  diameters  magnification. 

e  The  martensite  was  just  barely  distinguishable  in  the 
No.  10  steel  at  100  diameters  magnification.  At  400 
diameters  the  martensite  with  this  steel  was  easily 
distinguished. 
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11  The  results  of  this  experiment  indicate  that  the  double 
heat  treatment  increases  the  strength  and  toughness  of  case- 
carbonized  steels  due  to  the  smaller  and  finer  martensitic  struc- 
ture developed. 

EXPERIMENT  NO.  3 

THE  EFFECT  OF  TEMPERATURE  USED  IN  CASE  CARBONIZING 

12  The  object  of  this  experiment  was  to  determine  the  lowest 
temperature  at  which  case  carbonizing  begins;  the  lowest  tem- 
perature with  each  of  the  three  dijfferent  types  of  case-carboniz- 
ing steels  (straight  carbon  and  alloy,  all  of  the  same  carbon 
content)  at  which  it  might  be  most  efficiently  conducted  in 
practice;  and  the  best  temperature  for  the  case  carbonizing  of 
steel. 

13  The  following  steels  were  used: 

a    No.  3      0 .  20  per  cent  carbon  open-hearth  carbon  steel 

h     No.  7      0 .  20  per  cent  carbon  electric  nickel  steel 

c     No.  10    0 .  20  per  cent  carbon  electric  chrome  vanadium  steel 

14  The  test  pieces  were  i/o  in.  round  and  6  in.  long,  properly 
numbered  for  identification;  three,  one  of  each  grade  of  steel, 
were  packed  in  a  pot  for  each  run.  The  pot  used  in  this  experi- 
ment was  made  of  4  in.  round  wrought  iron  8  in.  long  with 
14  in.  wall.  A  solid  steel  plug  Avas  welded  into  one  end,  and 
the  other  end  was  fitted  with  a  removable  sheet-steel  cover  which 
was  drilled  in  the  middle  with  a  hole  large  enough  to  accommo- 
date the  electro-thermo-couple  protection  tube.  The  test  pieces 
were  placed  in  the  pot,  equally  spaced  about  the  electro-quartz 
protection  tube  in  the  center  and  packed  tightly  in  case-carboniz- 
ing compound  No.  1.  All  heating  was  done  in  a  gas-fired  muffle 
furnace.  Temperature  readings  of  the  furnace  temperature  and 
the  inside  temperature  of  the  pots  were  taken  every  15  minutes. 
Standardized  platinum  platinum-rhodium  thermo-couples  were 
used.  Six  runs  of  5  hours  each  at  a  definite  temperature  were 
made,  using  the  same  apparatus  and  procedure.  The  six  runs 
were  at  the  following  temperatures  in  deg.  fahr. 

No.  1 1300      No.  3 1500      No.  5 1700 

No.  2 1400      No.  4 1600      No.  6 1800 

15  The  furnace  was  started  cold  in  each  case  and  time  was 
counted  from  the  time  the  pot  couple  showed  a  temperature  in- 
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side  tlie  pot  corresponding  to  the  temperature  for  which  the 
run  was  intended.  After  this,  the  pot  temperature  was  main- 
tained as  close  as  possible  to  this  point  for  an  uninterrupted 
period  of  5  hours,  at  the  end  of  which  time  the  pot  couple  was 
removed,  the  pots  pulled  from  the  furnace  and  allowed  to  become 
cold. 

16  The  temperature  records  of  this  series  of  experiments  are 
given  in  Tables  22-27  of  Appendix  No.  2.  Following  these  tables 
in  the  same  appendix  is  a  detailed  analj^sis  of  the  microscopic 
examinations  of  the  various  test  pieces  after  being  subjected  to 
the  heat  treatment  and  specimen  microphotographs  are  repro- 
duced in  Figs.  18  to  30,  shown  full  size. 

17  The  conclusions  to  be  drawn  from  this  analysis  follow 
herewith  together  with  a  tabulated  statement  (Table  4)  of 
the  thickness,  in  millimeters,  of  the  zone  of  excess  ceinentite,  of 
the  eutectic,  of  the  gradation  zone  and  the  total  penetration  of 
carbon  in  millimeters  for  the  different  steels. 

CONCLUSIONS     FROM     MICROSCOPIC     INVESTIGATION     OF     OPEN-HBARTH 
STEELS   CASE   CARBONIZED   AT    1300   TO   1800   DEG.   FAHR. 

18  In  the  specimen  treated  at  1300  deg.  fahr.  a  small  zone  of 
carbonization  was  clearly  separated  from  the  interior  material 
having  a  great  number  of  penetrating  bands  containing 
the  so-called  nitrides  in  very  minute  needles.  In  the  gradation 
zone  these  nitrides  appeared  in  large  quantities  in  larger  needles. 

19  In  the  specimen  treated  at  1400  deg.  fahr  the  carbonized 
zone  was  slightly  thicker  and  the  gradation  zone  larger,  giving 
a  more  gradual  division  between  the  carbonized  and  interior 
material.  The  penetrating  bands  were  present  as  before  in  large 
numbers.  Nitrides  were  still  present  inside  the  eutectic  zone,  but 
not  in  such  great  numbers  as  in  the  first  specimen. 

20  In  the  specimen  treated  at  1500  deg.  fahr.  the  carbon 
penetration  was  slightly  deeper,  and  a  zone  of  excess  cementite 
was  found  on  the  outside,  which  appeared  as  large  irregular 
areas  and  as  polygonal  outlines.  No  nitride  needles  of  any  kind 
were  visible. 

21  The  specimens  treated  at  1600  deg.  fahr.  and  1700  deg. 
fahr.  showed  still  deeper  penetration  of  carbon,  greater  excess 
of  cementite,  and  a  larger  number  of  cementite  needles. 

22  At  1800  deg.  fahr.  there  was  a  much  greater  penetration 
of  carbon  with  an  outer  zone  of  excess  cementite,  but  this  cement- 
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ite  did  not  occur  in  polygonal  outlines,  except  in  a  few  places. 
The  general  appearance  of  the  carbonized  zone  was  that  of  a 
eutectic,  containing  areas  of  excess  cementite,  grading  to  the 
normal  carbon  content  of  the  interior. 

CONCLUSIONS    FROM   MICROSCOPIC    INVESTIGATIONS    OF   NICKEL    STEELS 
CASE  CARBONIZED  AT  1800  TO   1800   DEG.   FAHR. 

23     In  this  series  there  was  a  slight  carbonization  in  the  speci- 

TABLE  4     SUMMARY  CASE-CARBONIZING  EXPERIMENT  NO.  3 


Excess  Cementite 

Thickness  of  Eutectic 

Tempera- 

ture. 

0.  H. 

Ni 

Cr  Va 

0.  H. 

Ni 

Cr  Va 

Deg.   Fahr. 

1100 

1200 

1300 

0.008 

trace 

0.090 

1400 

0.090 

0.009 

0.120 

0.203 

0  030 

1500 

0.128 

0.056 

0.285 

0.150 

0.278 

0.135 

1600 

0.135 

0.158 

0.375 

0.210 

0.390 

0.180 

1700 

0  225 

0.293 

0.465 

0  338 

0.488 

0.248 

1800 

0  293 

0  390 

0  338 

0  450 

0.390 

0.405 

Gr.\d.\t 

ON   Zone 

Total  Penetr.\tion  of 

Carbon 

0.  H. 

Ni 

Cr  Va 

0.  H. 

Ni 

Cr  Va 

1100 

1200 

1300 

0.034 

0.180 

0.016 

0.140 

0.030 

0.180 

1400 

0.188 

0.390 

0  300 

0  410 

0.590 

0.420 

1500 

0.420 

0.510 

0.338 

0.710 

0.830 

0.770 

1600 

0.450 

0.683 

0  278 

0.770 

0.990 

0.890 

1700 

0  600 

0.975 

0.450 

1.160 

1.560 

1.370 

1800 

0.683 

0.900 

0.675 

1.640 

2.030 

1.750 

The  measurements  in  this  table  give  the  width  of  zones  in  millimeters. 

men  treated  at  1300  deg.  fahr.  only,  and  no  penetration  bands 
similar  to  those  of  the  open-hearth  series  which  contained 
nitrides. 

24  In  the  specimen  treated  at  1400  deg.  fahr.  there  was  a 
better  penetration  of  carbon,  but  no  higher  carbon  content  on 
the  outside  than  eutectic.  Several  of  the  penetrating  bands  were 
present. 
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25  At  1500  deg.  I'ahr.  there  was  a  still  greater  penetration 
of  carbon,  but  little  if  any  excess  cementite  on  the  outside,  and 
few  of  the  penetration  bands  were  present  in  this  specimen. 

'26  In  the  1000  deg.  fahr.  specimen  there  was  a  normally  in- 
creasing depth  of  case,  with  a  slight  amount  of  excess  cementite 
on  the  outside  and  bands  of  penetrating  material. 

27  In  the  specimen  treated  at  1700  deg.  fahr.  there  was  still 
greater  penetration  of  carbon  and  an  increase  in  the  excess 
cementite  on  the  outside  of  the  carbonized  zone.  In  this  speci- 
men there  were  also  a  few  penetrating  bands.  The  cementite 
existed  as  crystal  boundaries  and  as  needles  in  the  crystal 
cleavages. 

28  In  the  specimen  treated  at  1800  deg.  fahr.  a  great  deal 
of  excess  cementite  was  found  on  the  outside,  as  well  as  greater 
penetration  of  carbon  and  no  penetrating  bands.  This  series 
ditFered  from  the  open-hearth  series  in  that  the  excess  cementite 
and  the  excess  ferrite  in  their  respective  zones  did  not  tend  so 
uniformly  to  form  the  polygonal  outlines  as  they  did  in  the 
open-hearth  series.  Also  either  no  nitrides  were  present  in  this 
series,  or,  if  they  were  in  the  penetrating  bands,  they  were  in 
a  different  form  from  any  nitrides  so  far  observed. 

CONCLUSIONS    FROM    MICROSCOPIC    INVESTIGATION    OF    CHROME    VANA- 
DIUM STEELS   CASE   CARBONIZED  AT   1300   TO    1800   DEG.   FAHR. 

29  In  this  series,  the  specimen  treated  at  1300  deg.  fahr. 
showed  a  small  zone  of  carbon,  the  highest  carbon  content  on 
the  outside  being  about  eutectic. 

30  In  the  specimen  treated  at  1400  deg.  fahr.  there  was  a 
very  slight  rim  of  cementite  and  pearlite  in  about  equal  amounts, 
while  at  1500  deg.  fahr.  the  excess  cementite  was  found  in  two 
distinct  zones,  the  outer  zone  containing  the  cementite  in  large 
globules  intermingled  with  pearlite,  the  inner  zone  of  polygonal 
outlines  of  cementite  surrounding  pearlite  areas. 

31  At  1600  deg.  fahr.  the  cementite  appeared  in  two  zones  as 
at  1500  deg.  fahr. 

32  At  1700  deg.  fahr.  the  double  zone  appearance  of  the 
cementite  was  not  so  marked,  and  at  1800  deg.  fahr.  only  one 
zone  contained  the  cementite  in  polygonal  outlines.  The  poly- 
gons as  a  rule  appeared  to  be  larger  towards  the  inner  part 
of  the  zone. 


2008  CASE    CARBONIZING 

GKNEKAL     SUMMARY     OF     THE     EFFECT     OF     TEMPERATURE     IN      CASE 

CARBONIZING 

33     The   following   is   a   general   summary   of   the   effect   of 
temperature  in  case  carbonizing: 

a  The  depth  of  case  carbonizing  effect  in  a  given  time 
increases  with  the  temperature. 

h  The  carbon  content  in  the  case-carbonized  zone  in 
a  given  time  increases  with  the  temperature.  This 
affords  the  commercial  opportunity  of  varying  the 
depth  of  case-carbonizing  effect  as  desired  by  chang- 
ing the  time,  and  of  varying  the  carbon  content  of 
the  case-carbonized  zone  by  changing  the  case-car- 
bonizing temperature.  It  is  poor  practice  to  raise  the 
temperature  of  the  case-carbonizing  operation  for  the 
purpose  of  reducing  the  time  which  the  operation 
consumes,  for  this  will  increase  the  maximum  carbon 
content  of  the  case-carbonized  zone  and  may  change 
the  character  of  the  physical  properties  of  the  finished 
product. 

c  The  minimum  temperature  at  which  uniform  penetra- 
tion of  carbon  can  be  obtained  with  case  carbonizing 
seems  to  be  1500  deg.  fahr.  With  lower  temperatures 
the  carbon  maximum  is  not  uniform  in  its  distribution 
and  the  penetration  too  slow. 

d  The  presence  of  excess  cementite  in  the  form  of  needles 
within  the  pearlite  grains,  so  conspicuous  in  nickel 
and  carbon  steels,  indicates  a  temperature  during  case 
carbonizing  which  overheats  the  metal  being  so 
treated. 

e  Nickel  steel  gives  the  greatest  total  penetration  and 
greatest  gradation  zones. 

/  Chrome  vanadium  gives  the  highest  carbon  maximum 
and  finest  grained  steel. 

g  When  case  carbonizing  is  conducted  at  1400  deg.  fahr. 
or  lower,  the  carbon  maximum  does  not  exceed  the 
eutectic.  As  the  case-carbonizing  temperature  in- 
creases, a  zone  of  hypereutectic  composition  develops 
which  increases  in  depth  with  the  temperature.  The 
depth  of  this  zone  becomes  important  when 
sufficient  warpage  takes  place  in  the  piece  being  hard- 
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eiied  to  deniand  grinding  alter  tlie  tinai  lieat  treat- 
ment. It  has  been  demonstrated  often  that  a  carbon 
content  of  more  than  1  per  cent  in  the  surface  of  a 
case-carbonized  part  is  undesirable  when  there  is  the 
least  shock  to  be  reckoned  with,  because  in  such  in- 
stances the  excess  of  carbon  exists  in  the  form  of 
films  of  carbide  between  the  grains  of  the  metal  which 
are  brittle  and  hard,  weakening  the  steel  and  render- 
ing it  liable  to  fail  by  flaking  otf  or  spawling.  ■  There- 
fore it  would  be  inadvisable  to  select  a  practice  or 
a  material  which  produces  such  a  condition  in  the 
surface.  On  the  other  hand  if  the  carbon  percentage 
is  lower  than  0.90  to  1.00  per  cent  the  case  will  not 
show  its  maximum  hardness.  Therefore,  when  pieces 
are  to  remain  unground  practice  should  aim  at  a 
production  of  a  0.90  per  cent  carbon  surface  but  when 
a  portion  of  the  steel  is  to  be  ground  otf,  after  the 
heat  treatment,  it  is  advisable  to  drive  in  an  excess  of 
carbon  so  as  to  leave  this  optimum  percentage  of 
0.9  to  1.00  per  cent  in  the  final  surface. 

h  All  carbonized  zones  widen  with  increase  of  tempera- 
ture. While  wide  gradation  zones  are  desirable  from 
the  point  of  view  of  tenacity  of  the  case  to  the  core, 
other  considerations  enter  into  the  commercial  side 
of  the  problem.  The  first  is  the  cost  of  maintaining 
the  high  heats.  The  factors  of  fuel  cost  and  increased 
furnace  up-keep  cost  at  the  upper  temperatures  are 
self-evident.  The  second  is  the  dift'erence  in  the  na- 
ture of  the  case.  Inspection  wall  show  that  at  1500 
deg.  fahr.  the  width  of  the  eutectic  zone  is  consider- 
ably greater  than  that  of  the  hypereutectic  zone  and 
the  hypoeutectic  zone  of  the  decreasing  carbon  con- 
tent is  wider  still,  which  means,  of  course,  that  the 
case  carbonizing  is  proceeding  gradually  and  that  the 
case  and  core  are  merging  into  each  other  by  gentle 
degrees.  At  1600  deg.  fahr.  the  ratio  of  the  high  car- 
bon exterior  zone  to  the  inner  zones  rises  and  at  1700 
and  1800  deg.  fahr.  the  increase  is  more  marked  still. 

The  meaning  of  all  this  is  that  as  the  temperature  goes 
up  carbon  is  forced  by  the  heat,  as  it  were,  to  rush 
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into  the  surface  of  the  steel  faster  than  it  can  be 
assimilated  by  the  adjacent  grains  and  so  the  outside 
layers  at  the  high  heats  are  gorged  with  carbon  which 
has  not  thne  to  diffuse  gradually  toward  the  center 
of  the  case.    This  condition  of  affairs  is  highly  unde- 
sirable, because  the  product  then  shows  a  sharp  de- 
marcation between  case  and  core,  the  transition  from 
one  material  to  another  being  too  abrupt;  the  pro- 
perties necessarih^  vary  accordingly  and  in  the  fin- 
ished piece  have  a  tendency  to  set  up  high  physical 
strains.     This  causes   flaking   off   of   the  case   from 
the  core,  a  phenomenon  familiar  enough  to  those  en- 
gaged in  the  trade.     The  remedy  is  to  case  carbonize 
at  a  moderate  heat  for  a  length  of  time  sufficient 
to  obtain  a  reasonable  depth  of  case  with  gradual 
transition  from  case  to  core.     This  temperature  ap- 
pears in  this  experiment  to  be  about  1650  deg.  fahr. 
with  open-hearth  carbon  steel,  1600  deg.  fahr.  with 
electric  nickel  steel,  alid  1650  deg.  fahr.  with  electric 
chrome  vanadium  steel. 
In  deciding  upon  the  best  carbonizing  temperature,  the 
effect  of  heat  on  the  size  of  grain  in  the  steel  must 
also  be  considered.    This  as  is  well-known,  is  a  very 
decided  reaction,  the  grain  coarsening  rapidly  with 
increasing  temperatures.     In  this  connection  a  care- 
ful   investigation   showed   marked    contrast   between 
the  behavior  of  ordinary  carbon  steel  and  the  two 
alloy  steels;  the  former  began  to  coarsen  rapidly  at 
1500   deg.   fahr.;   nickel  steel   also  showed  the  same 
effect  at  the  same  temperature  but  in  a  much  less 
marked  degree  and  chrome  vanadium  steel  retained 
its  fine  grain  up   to   1700   deg.   fahr.   and  over,  not 
reaching  even  at  1800  deg.   fahr.,  the  grain  size  of 
other  steels.     This  is  in  line  with  the  common  belief 
that  chron^ium  and  vanadium  retain  fineness  of  grain 
in  steel. 
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EXPERIMENT  NO.  4 

THE  EFFECT  OF  THE  COMrOSITION  OF  THE  STEEL  BEING  CASE 
CARBONIZED  OX  THE  RATE  AND  DEPTH  OF  CARBONIZATION 

34  The  object  of  this  experiment  was  to  determine  by  chemi- 
cal analysis  the  deptli  of  carbonizing  eti'ect  and  carbon  content 
of  several  zones  of  case  carbonizing  eifect  as  affected  by  the 
composition  of  the  steel  being  case  carbonized. 

35  Test  bars  8  in.  long  and  li/^  in.  round  were  prepared  by 
machining  on  centers  in  a  lathe  and  packed  in  case-carbonizing 
compound  No.  1,  care  being  taken  to  see  that  all  bars  were 
evenly  spaced.  The  bars  were  case  carbonized  at  1700  deg.  fahr. 
for  7  hours.    The  pot  was  then  removed  from  the  furnace  and 


TABLE  5     EFFECT  OF  COMPOSITION  OF  STEEL  IN    CASE    COMPOSITION  AFTER 

CARBONIZING 


Percentage  of  Carbon  in  Cuts  of  Various 

Depths,  In. 

No. 

Material 

0  to 

0.005  to 

0.010  to 

0.015  to 

0.020  to 

0.025  to 

0.005 

0.010 

0.015 

0.020 

0.025 

0.030 

1 

No. 

1     0.10%  C  Bessemer 

0.90 

0.63 

0.32 

0.16 

0.13 

0.11 

2 

No. 

3     0.20%  C  O.  H. 

0.95 

0.78 

0.47 

0.27 

0.20 

0.20 

3 

No. 

6     0.15%  C  E.  F.  Ni 

0.90 

0.65 

0.44 

0.28 

0.19 

0.15 

4 

No. 

9     0.30%  C  E.  F.  Ni 

0.95 

0.75 

0.55 

0.34 

0.30 

0.30 

5 

No. 

10     0.20%   C  Cr  Va 

1.22 

0.78 

0.49 

0.30 

0.20 

0.20 

allowed  to  become  cold,  when  it  was  unpacked  and  the  bars 
removed  and  cleaned.  The  bars  were  set  up  in  a  lathe  and  cuts 
0.005  in.  deep  taken.  The  sample  thus  obtained  was  analyzed 
by  combustion  and  in  duplicate  for  carbon,  and  the  results  will 
be  found  in  Table  5.  The  information  obtained  from  this  ex- 
periment indicates  that: 

a    The  higher  the  carbon  content  of  the  steel  case  car- 
bonized, the  higher  w411  be  the  maximum  carbon  con- 
tent of  case  when  case  carbonizing  is  performed  at 
a  given  temperature  for  a  given  time. 
h     The  original  carbon  content  does  not  affect  the  depth 

of  case  under  the  conditions  of  this  experiment. 
c    The  nickel  and  carbon  steels  behave  similarly  in  regard 
to  carbon  maximum. 
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d  Chrome  \aiiiidium  steel  takes  a  higher  carbon  maxi- 
mum than  nickel  steel  and  carbon  steel  under  the 
same  case-carbonizing  conditions. 

EXPERIMENT  NO.  5 

EFFICIENCY    OF    CASE-(L\K150.\IZI  .\(i    MATERIALS 

3G  This  experiment  was  undertaken  to  determine  the  com- 
mercial efHciency  of  case-carbonizing  materials  and  to  show  the 
elements  which  affect  their  value  commercially. 

37  Fourteen  case-carbonizing  materials  were  selected,  repre- 
senting the  most  prominent  compounds  used  in  this  country. 
Fifty-pound  samples  were  obtained  on  the  open  market  from 
the  several  manufacturers,  with  prices,  general  description,  etc. 
As  soon  as  received  average  samples  of  about  1  pint  each  were 
taken,  put  in  stoppered  bottles,  and  sent  to  the  chemical  labora- 
tory for  analysis  and  specific  gravity  determination.  These 
compounds  are  designated  as  Nos.  1,  2,  3,  etc.,  in  Table  4. 
The  bars  used  in  making  up  the  test  pieces  (Table  1)  were 
selected  by  chemical  analysis  and  were  all  of  0.20  per  cent  carbon. 

38  The  test  pieces  were  of  three  different  types : 

a  Solid  cylinders  6  in.  long  by  1.344  in.  in  diameter. 
These  were  cut  to  length  and  turned  from  1%  in. 
diameter  hot  rolled  and  annealed  bars;  set  up  on 
centers  in  lathe  and  rough  turned  true  and  straight 
and  close  to  finish  size;  finished  absolutely  straight 
and  to  size  by  grinding  on  centers.  This  left  the  bars 
entirely  bright  and  with  an  almost  polished  surface 
ready  for  carbonizing. 

h  Hollow  cylinders  6  in.  by  li/4  in.  outside  diameter 
by  14  ill-  thick  wall.  These  were  also  made  from 
1%  in.  diameter,  hot  rolled  and  annealed  bars,  turned 
to  size  and  bored;  not  ground. 

c  Solid  rod  1/2  in.  in  diameter  by  6  in.  long.  Samples 
were  cut  to  size  from  I/2  i^-  in  diameter  (cold  drawn) 
bars  and  sand-blasted,  and  all  test  pieces  properly 
numbered  for  identification.  Carbonizing  pots  used 
were  new  and  of  cast  iron,  rectangidar  in  shape,  in- 
side dimensions  10  in.  by  6I/4  in.  deep,  with  1^  in. 
thick  wall.     They  were  supported  on  legs  %  in.  off' 
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furnace  Hour  and  prevented  from  touching  each  other 
in  furnace  by  a  boss  li/o  in.  long  on  each  end  (Fig.  1). 

39  Packing  the  pots  was  done  as  carefully  and  as  nearly 
uniform  in  each  case  as  possible.  Three  test  pieces,  one  of  each 
type,  were  used  in  each  pot  and  were  spaced  as  indicated. 

40  A  layer  of  carbonizer  about  II/2  iii-  thick  was  put  in 
first  and  tamped  down,  then  the  lowest  bar  with  more  carbon- 
izer. etc..  tamping  in  snugly  throughout,  and  so  on  until  the  pot 


TABLE  0      PHYSICAL  AND  PRICE  DATA  ON  CAKBONIZINC;    MATERIALS 


Carbonizing 

Weight  of 

Approximate 

Weight  of 

Volume  of 

Cost 

Material 

1   Pt., 

Specific 

1  Cu.   Ft., 

1  Ton, 

per 

No. 

Grains 

Gravity 

Lb. 

Cu.  Ft. 

Cu.   Ft. 

1 

450 

0.954 

59.4 

33.7 

$1.84 

2 

365 

0.774 

48.1 

41.5 

1.30 

3 

438 

0.930 

57.5 

34.5 

1.50 

4 

418 

0.870 

55.5 

36.3 

1.48 

5 

436 

0.925 

57.5 

34.8 

1.58 

6 

285 

0.604 

37.6 

53.2 

0.85 

7 

259 

0.550 

34.2 

58.5 

1.02 

8 

373 

0.720 

.    49.2 

40.6 

0.86 

9 

248 

0.526 

32.7 

61.1 

1   64 

10 

120 

0.267 

16.6 

120.4 

11 

363 

0.770 

47.8 

41.8 

1.31 

12 

448 

0.950 

59.1 

33.8 

13 

287 

0.608 

37.8 

52.9 

1.32 

14 

298 

0.630 

39.3 

50.9 

1.77 

was  full.     The  cast-iron  covers  were  luted  on  with  clay,  small 
'•  tell-tales  '"  inserted  in  one  end,  and  pots  put  into  the  furnace. 

41  The  original  w^eight  of  test  pieces  and  carbonizing  ma- 
terial u.sed  in  each  pot  were  obtained  before  each  run. 

42  The  American  (las  Furnace  Company's  gas-fired  r  uftte 
furnace  No.  4  was  used  in  ca.se  carbonizing.  It  Avas  found 
p(  Hsible  to  run  six  pots  at  a  heat,  equally  spaced  in  muffle,  not 
touching  each  other  or  the  sides  of  furnace.  Furnace-working 
temperatures  were  obtained  by  regular  Le  Chatelier  type  thermo- 
couple, the  hot  end  of  which  projected  down  between  the  pots 
in  the  middle  of  the  muffle.  Each  of  the  six  pots  used  in  a 
run  contained  a  different  kind  of  carbonizing  agent.  Three 
consecutive  runs  were  made  on  each  kind,  the  material  from 
the  preceding  run  being  used  in  each  case  except,  of  course,  the 
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first  run,  which  was  on  new  raw  material.    New  test  pieces  were 
used  for  each  run  of  each  kind  of  carbonizer. 

43  In  conducting  the  carbonizing  runs,  the  furnace  working 
conditions  were  maintained  as  nearly  uniform  in  each  as  possible. 
Pots  were  arranged  in  the  muffle  in  the  afternoon  ready  for 
starting  and  at  7  a.m.  the  furnace  was  lighted.  The  tempera- 
ture w'as  worked  up  at  a  fairly  rapid  rate  and  very  close  to  9  a.m. 
it  had  reached  1750  deg.  fahr.  in  all  cases.  This  temperature 
was  maintained  uniformly  throughout  the  day  and  up  to  6  p.m. 
when  the  furnace  was  shut  off  and  furnace  and  pots  w^ere  allowed 
to  cool  slowdy  over  night.     Subsequent  examination  included: 


Fig.  1     Diagram  showing  Location  of  Test  Pieces  in  Carbonizing  Pot 


Thorough  examination  of  general  appearance  of  pots, 
carbonizing  material  and  test  pieces  after  unpacking: 
weights  obtained  to  show  loss  of  weight  of  carbon- 
izer, or  gain  of  weight  of  test  pieces,  loss  of  volume 
of  carbonizer.  The  mixtures  were  carefully  saved 
and  used  without  further  rejuvenation,  in  packing 
the  pots  for  the  next  run.  Shrinkage  in  volume  was 
taken  care  of  by  using  sufficient  sand  to  fill  up  pots. 
This  was  done  by  placing  the  added  sand  in  the 
bottom  of  the  pot. 

Taking  of  cuts  from  solid  cylinders  for  analysis.  Bars 
after  carbonizing,  were  carefully  cleaned  of  all  dirt, 
etc.,  set  up  on  centers  and  tested  for  straightness  or 
straightened,  if  necessary,  until  they  ran  absolutely 
true  on  centers.  Then  11  consecutive  cuts  of  0.005  in. 
each  on  radius  were  taken,  the  length  of  the  bar 
and  turnings  carefully  kept  separate  and  put  in  en- 


MARCUS    T.    LarHROP 


2016 


?     ? 


K.  2. 

to    "■ 

w  5 
ns  o 

ci" 
5. 


e-f 

?  5 
O  ^ 

CD     m 


H  H       OH 

O     O  OS     o 


o   o 

E.  £. 

►0  CO 

cr  £. 

■^   »   g  w 

ifJ 


OS  ? 

o   a-  ^ 

B   S   (° 
5-  H.  B 


O  O 


O  5 

e-B 


!.« 


b.  5 

0 


o 

a.  a   <t 
a.  (3 

"  s- 
a. 

a. 


a  ® 


1^ 


SB 
h2. 

P  s 

Off 
E. 


»9   O 


CO  to 
en  bi 


o>  a>       •-•  1— 


M  o  ^  o« 

b  ^-  ►-  b 
CO  en  -J  tn 


►-  O 


(O   4» 

to  b 


<o  1—  M  en 


-->  o  M  en 

o  o  eo  ^ 


not  determined 


0  0(00 


not  determined 


«o  i-i  c<3  en 


M  to  I—  ® 

O  O  l(^  o 


CO  CO 

'i<».  en 


H-  o  o  ^ 


^  o 
b  K> 


o   ►-   ►-  (-• 


00   lO   O  o 


^  O  O  K- 

to  CO  ^  -~i 

en  to  eo  o 


o  o  o 
>-  b  b 


0>  00  to  to 


o.  ►-  ►-  .  it>. 
S;  eo  en  •  OS 


1*^  en  en  ifk 

H-  bo  b  ►- 
en  o  en  o 


to  o 

en  eo 


to  to  o  CC 


en  » 
b  b 


en  o>  CO  en 

O  O  Cn  en 

o  —  en  to 

-  00  -a  eo  o 

Cn  CD  H^  »^ 

to  eo  o  Cn 

to  en 

to  1^  e» 

-4  to  b  I-' 

O  O  en  Cn 


o  o 
b  b 


o  o   o> 

f  H'     CO 


^  o 
to  b 


I-  o  >-   o 


00  00  Cn  00 
O  to  CO  en 


2016 


CASE    CARBONIZING 


TABLE  8 


MEASUREMENTS    IN    MILLIMETERS  OF  ZONES  AND  CARBON  PENE- 
TRATION OF  TEST  PIECES 

See  Appendix  No.  2 
Run  No.   1 


Case-Carboniz- 

Zone of  Excess 

Eutectic 

Gradation 

Total  Penetration 

ing  Material  No. 

Cementite 

Zone 

Zone 

of  Carbon 

1 

0.455 

0.455 

0.650' 

1.560 

2 

0.450 

0.650 

0.748 

1.848 

3 

0.520 

1.235 

1.755 

4 

0.975 

1.300 

2.275 

5 

0.780 

0.520 

0.975 

2.275 

6 

1.235 

1.235 

7 

0.325 

0.520 

0.975 

1.920 

8 

0.455 

0.520 

0.975 

1.950 

9 

1.235 

0.423 

0.780 

2.438 

10 

0.975 

1.105 

2.080 

11 

0.195 

1   300 

1.495 

12 

0.339 

1.235 

1.574 

13 

0.325 

0.520 

1.300 

2.145 

U 

1.040 

0  339 

0.650 

2.029 

Run  No.  2 


0.325 
1.075 


0.715 
0  650 
0.520 
0.878 
0.780 


2.260 
0.715 
0.455 
0.065 


0.130 
0.520 
1   300 


1.001 
1.073 
1.300 
0.975 
0.975 
0.975 
1.300 
0.910 
0.780 
1.170 
1.658 
1.560 
1.170 
0.450 


1.716 
1.723 
1.820 
1.853 
1.755 
0.975 
1.560 
1.950 
2.300 
1.235 
1.658 
1.690 
1.690 
1.105 


Run  No.  3 


1 

0.358 

1.138 

1.496 

o 

0.975 

0.975 

3 

0.325 

0.325 

4 

0.455 

0.975 

1.430 

5 

0.225 

1.300 

1.525 

6 

0.040 

0.040 

7 

0.715 

1.170 

1.995 

8 

0.195 

0  650 

0.650 

1.495 

9 

0.325 

0.845 

0.975 

2.145 

10 

0.910* 

0.975* 

11 

1.235t 

1.242t 

12 

0.007 

1.560 

1.567 

13 

0.293 

1.170 

1.463 

14 

1.170 

0  845 

1.300 

3.315 

*  On  the  outside  of  this  specimen  there  was  a  rim  of  almost  pure  ferrite  0.065  mm.  thick, 
t  On  the  outside  of  this  specimen  there  was  a  rim  of  almost  pure  ferrite  0.007  mm.  thick. 
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velopes  for  subsequent  determinations  of  carbon,  piios- 
phorus  and  sulphur. 

r  Breaking  of  carbonized  tube  for  general  appearance 
and  action  of  carbonizer  in  tubes,  etc. 

(/  Breaking  of  I/2  in.  round  rod  (some  after  heat  treat- 
ment) for  general  appearance,  depth  of  case,  and 
microscopic  examination. 

44  In  Table  6  are  listed  data  concerning  the  14  carbonizing 
materials  and  in  Table  7  are  given  the  analyses.  In  Figs.  '2  to  15 
are  shown  graphically  the  carbon  contents  of  the  carbonized 
sections  of  the  test  bars  at  successive  depths,  as  explained  in 
Par.  43  h.  The  captions  of  these  diagrams  give  also  the  phos- 
phorous and  sulphur  contents  in  each  case  at  depths  of  0.005  in. 
and  0.06  in.  below  the  surface  of  the  test  bars. 

45  In  Appendix  No.  3  is  a  detailed  description  of  the  results 
of  the  microscopic  examination  of  the  several  bars  and  in 
Table  8  is  summarized  the  measurements  in  millimeters,  de- 
termined by  the  microscopic  examination,  of  the  zone  of  excess 
cementite,  the  eutectic  zone,  the  gradation  zone  and  the  depth 
of  carbon  penetration. 

46  In  Table  9  are  summarized  physical  and  price  data  on 
the  carbonizing  materials  in  relation  to  the  carbon  penetration 
of  the  test  bars. 

47  The  results  of  the  experiment  on  the  efficiency  of  case- 
carbonizing  materials  may  be  summarized  as  follows: 

a  The  volume  per  ton  of  case-carbonizing  materials 
varies.  As  these  materials  are  used  by  volume,  not 
by  weight,  this  volume  per  ton  must  be  considered 
in  the  economic  purchase  of  this  grade  of  material. 

b  All  the  compounds  show  shrinkage  of  volume  and  in 
most  instances  a  loss  of  potency  with  continued  ser- 
vice. This  point  is  of  greatest  commercial  interest 
since,  if  steel  of  variable  carbon  content  is  produced 
in  the  case-hardening  process  the  manufacturer  can- 
not hope  for  uniform  results. 

6'  With  the  compounds  on  the  market,  any  desired  maxi- 
mum carbon  content  in  the  case  can  be  obtained  with 
a  given  temperature  simply  by  varying  the  com- 
pounds used. 

d    When  parts  are  produced  which  require  grinding  after 
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Fig.  2     Carbon  Penetration  Curves  for  Test  Bars  treated  with 

Carbonizing  Material  No.  1 

Phosphorus  Content  0.025%-0.029%;    Sulphur  Content  0.04%-0.04% 
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Fig.  3     Carbon  Penetration  Curves  for  Test  Bars  treated  with 

Carbonizing  Material  No.  2 

Phosphorus  Content  0.030%-0.032% 
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Fig.  4     Carbon  Penetration  Curves  for  Test  Bars  treated  with 

Carbonizing  Material  No.  3 

Phosphorus  Content  0.029%-0.033% 
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Fig.  5     Carbon  Penetration  Curves  for  Test  Bars  treated  with 

Carbonizing  Material  No.  4 

Phosphorus  Content  0.029%-0.036% 
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Fig.  6     Carbon  Penetration  Curves  for  Test  Bars  treated  with 

Carbonizing  Material  No.  5 

Phosphorus  Content  0.032%-0.038% 
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Fig.  7     Carbon  Penetration  Curves  for  Test  Bars  treated  with 

Carbonizing  Material  No.  6 

Phosphorus  Content  0 .  028  %-0 .  030  % ;  Sulphur  Content  0 .  034  %-0 .  040  % 
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Fig.  S     Carbon  Penetration  Curves  for  Test  Bars  treated  with 

Carbonizing  Material  No.  7 

Phosphorus  Content  0.024%-0.033%;   Sulphur  Content  0.040%-0.044% 
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Fig.  9     Carbon  Penetration  Curves  for  Test  Bars  treated  with 

Carbonizing  Material  No.  8 

Phosphorus  Content  0.028%-0.031%;   Sulphur  Content  0.042%-0.046% 
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Fig.  10     Cakbox  Pexhtratiox  Cnivrs  for  Trsx  Bars  treated  with 

Carboxizixg  Material  Xo.  9 

PnosPHORrs  Coxten-t  0. 026^-0. 036 <~;-:   SrxPHrR  Coxtext  0. 050 ^~;— 0.054 <^- 
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Fig.  11     Cabbox  Piixetbatiox  Ctrves  for  Test  Bars  treated  with 

Carboxtzixg  Material  Xo.  10 

PHosPHORrs  Coxtext  0 .  042  ^-0 .  035  "^ ;   Sulphtb  Coxtext  0 .  044  %-Q .  042  % 
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Fig.  12    Cahbon  J*exeteatiox  Cue\-es  foe  Test  Babs  teeated  with 

C.vEEOxizrsG  Mateeial  No.  11 

Phosphorcs  Context  0. 033 ^VO. 0365^;   SrxPHTJB  Costest  0.0429H>-042% 
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Fig.  13     Cabbox  Pexetbatiox  Cue%-e5  foe  Test  Baes  treated  with 

Caeboxizixg  Material  Xo.  12 

Phosphoecs  Coxtext  0.031%-0.036'^:   Sn-PHTB  Coxtext  0.04i%-0.044% 
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Fig.   14     Carbon  Penetration  Curves  for  Test  Bars  treated  with 

Carbonizing  Material  No.   13 

Phosphorus  Content  0.072%-0.032%;   Sulphur  Content  0.044%-0.042% 

130 


IZO 


no 


100 


90 


t:  80 


70 


1 

./ 

M 

s 

i 

k 

1 

K 

r 

\ 

/ 

\ 

Ri 

in 

V 

R 

zone 
un 

\ 

^THird 
Run 

\ 

s. 

s 

I 

\ 

\ 

\ 

V 

\ 

N 

k 

\ 

\ 

\ 

\ 

\ 

\ 

> 

1 

> 

V 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

V 

\ 

k 

\ 

\ 

\ 

\ 

0.02 


ao4 

Q06 

0.0 

0.02           004 

ao6 

0.0 : 

0.02 

Depthr  in 

Inches 

ao4 


0.06 


Fig.  15     Carbon  Penetration  Curves  for  Test  Bars  treated  with 

Carbonizing  Material  No.  14 

Phosphorus  Content  0.036%-0.034%;   Sulphur  Content  0.036%-0.042% 
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TABLE  9    PHYSICAL  AND  PRICE   DATA  ON   CARBONIZING   MATERIALS  IN  RELA- 
TION TO  CARBON  PENETRATION 


Carbon  in  Test  Bars, 

Per  Cent 

Relative  C 

Yielded   in 

Satisfactory 

Tests  per 

Unit  Volume 

Price 

per 

Cu.  Ft. 

Cost 

Carbonizing 

Depth  of 
0.005  In. 

Depth  of 

0.025  iu. 

per 

Cu.  Ft. 

per 

Material  No. 

Unit 

1st 

2d 

3d 

1st 

2d          ; 

$d 

1 

1.02 

0.93 

0.81 

0.87 

0.80 

1.67 

$1.84 

SI.  10 

2 

1.00 

0.91 

0.83 

0.91 

0.76 

1.67 

1.30 

0.78 

3 

0.89 

0.85 

0.83 

1.50 

4 

0.9« 

0.93 

0.85 

0.88 

0.81 

1.69 

1.48 

0.87 

5 

0.90 

0.93 

0.88 

0.85 

0.80 

1.65 

1.58 

0.96 

6 

0.65 

0.38 

0.72 

0.85 

7 

1.07 

0.78 

0.91 

0.88 

0.80        0 

73 

2.41 

1.02 

0.42 

8 

1.01 

0.93 

0.94 

0.85 

0.88        0 

93 

2.56 

0.86 

0.34 

9 

1.21 

1.05 

1.05 

0.95 

0  90        0 

90 

2.90 

1.64 

0.56 

10 

0.78 

0.52 

0.43 

11 

0.72 

0.63 

0.57 

1.31 

0.85 

12 

0.81 

0.78 

0.59 

13 

0.94 

0.91 

0.74 

0.78 

0.78 

1.56 

1.32 

5.33 

14 

1.19 

1.20 

1.17 

1.00 

1.13         1 

13 

3.32 

1.77 

TABLE   10     THERMAL  CONDUCTIVITY  OF  CARBONIZING  COMPOUNDS 


Price 

Weight 

Time  to 
Heat  to 

Per  Cent 

Per  Cent 

No. 

per 

per 

1200°  F., 
Min. 

of 

of 

Ton 

Cu.  Ft. 

Fastest 

Slowest 

1 

New  case-carbonizing  compound  No.  8 

$60 

28 

52 

153 

34.7 

2 

Old  case-carbonizing  compound  No.  8 

$60 

28 

34 

100 

22.7 

3 

New  case-carbonizing  compound  No.  1 

$57 

52 

145 

425 

96.5 

4 

Old  case-carbonizing  compound  No.  1 

$57 

52 

99 

291 

66.0 

5 

New  case-carbonizing  compound  No.  14 

$90 

35 

96 

282 

64.0 

6 

Old  case-carbonizing  compound  No.  14 

$90 

35 

110 

324 

73.5 

7 

New  case-carbonizing  compound  No.  17 

$40 

51 

114 

336 

76.0 

8 

Old  ca.se-carbonizing  compound  No.  17 

$40 

51 

76 

223 

50.5 

9 

Case-carbonizing  compound  No.  15 

$80 

45 

112 

330 

74.5 

10 

Case-carbonizing  compound  No.  11 

$40 

143 

424 

95.5 

11 

Case-carbonizing  compound  No.  16 

150 

442 

100.0 

202() 
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treatment,  a  coiupoiind  should  be  selected  which  o-ives 
a  high  maxiniuni  carbon  content. 

e  When  parts  are  produced  which  require  resistance 
to  shock  after  heat  treatment,  a  compound  should  be 
selected  which  gives  a  carbon  maximum  sufficient  for 
the  hardness  desired  and  not  in  excess  of  this  amount, 
or  brittleness  will  result. 

/  The  ideal  case-hardening  compound,  as  indicated  by  the 
experiment,  would  possess  the  following  character- 
istics: (1)  large  volume  jjer  ton:  {'!)  small  shrinkage 
per  run;  (3)  high  resistivity  to  change  of  shape  or 
powdering;  (4)  cleanliness  and  freedom  from  dust; 
(5)  uniform  case-carbonizing  power  at  all  runs;  (6) 
capability  of  being  used  an  innumerable  number  of 
times. 

48  These  specifications  may  seem  impossible  for  any  com- 
pound. There  is  now  on  the  market,  however,  a  material  which 
can  be  used  over  and  over  again  without  loss  of  carbonizing 
power,  by  the  addition  of  new^  material,  which  fulfils  the  condi- 
tions mentioned. 

EXPERIMENT  NO.  6 

EXPERIMENT    OF    THE    THERMAL    CONDUCTIVITY    OF    CARBON- 
IZING  MATERIALS 

49  The  object  of  this  experiment  was  to  determine  the  rela- 
tive rapidity  with  which  different  carbonizing  materials  would 
heat  up.  This  factor  is  of  great  practical  importance  in  deter- 
mining the  length  of  time  required  for  the  carbonizing  opera- 
tion, inasmucli  as  previous  experiments  have  shown  that, 
using  standard  round  carbonizing  pot  9  in.  in  diameter  and 
15  in.  high  and  carbonizing  material  No.  1,  more  than  two- 
thirds  of  the  total  time  needed  to  attain  a  depth  of  1-32  in.  of 
case  under  regular  carbonizing  practice  is  required  in  heating 
up  the  pot  and  contents  to  the  carbonizing  temperature.  It 
will  readily  be  seen  that  a  saving  in  time  in  bringing  the  con- 
tents of  the  pot  up  to  heat  will  materially  decrease  the  cost 
of  carbonizing  operation. 

50  The  materials  used  in  conducting  this  experiment  were 
case-carbonizing  materials  Nos.  1,  8,  11,  14,  15  and  16.  The 
materials  were  obtained  as  samples  from  the  various  manufac- 
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tiirers.  in  carrying  out  the  experiiuenl  the  plan  was  to  heat  a 
lead  bath  to  a  constant  temperature  and  to  record  the  time  for 
a  thermo-couple  in  a  special  pot  to  come  up  to  some  definite 
temperature.  The  pot  was  packed  with  the  diti'erent  carboniz- 
ing mediums.  The  lead  pot  was  24  in.  long,  15  in.  wide,  and 
7  in.  deep,  and  was  filled  Avith  lead  to  a  depth  so  that  when 
the  pot  containing  the  carbonizer  was  immersed  in  it,  the  lead 
stood  within  14  in.  of  the  top.  The  temperature  of  the  lead 
pot  was  recorded  by  a  calibrated  Le  Chatelier  thermo-couple. 
The  lead  pot  was  covered  by  a  sheet  of  steel  i/4  in.  thick,  and 
containing  holes  to  accommodate  the  carbonizer  pot  and  thermo- 
couple tube.  The  pot  containing  the  carbonizer  was  made  of  G 
in.  round  pipe,  I/4  in.  wall,  and  S^/o  in.  high.  A  plug  14  in.  thick 
was  welded  in  the  bottom.  Angle-iron  handles  were  riveted  to 
oj^posite  sides  by  means  of  which  the  pot  was  held  down  in  the 
lead  bath.  The  handles  were  so  located  that  they  held  the 
pot  immersed  to  a  depth  of  5I/2  in.  in  the  lead.  The  tempera- 
ture of  the  inside  of  the  pot  was  recorded  by  a  calibrated  Le 
Chatelier  thermo-couple  so  located  that  the  hot  junction  was 
equidistant  from  the  bottom  and  sides  of  the  pot.  Both  thermo- 
couples were  connected  up  to  read  on  the  H.  H.  Franldin  Com- 
pany's single  pivot  galvanometer  through  a  double  throw  switch. 
The  temperature  of  the  cold  junction  of  the  couples  was  recorded. 

51  In  packing  the  pot  with  the  different  carbonizing  mate- 
rials it  was  filled  up  level  full,  after  locating  the  thermo-couple 
properly,  and  then  tamped  in  fairly  tight.  The  pot  was  covered 
with  a  thin  sheet  steel  cover  containing  a  hole  for  the  thermo- 
couple tube  and  this  cover  was  luted  on  the  clay.  Eecords  were 
taken  of  the  time  of  putting  the  packed  pot  in  the  lead  and 
every  five  minutes  thereafter  of  the  pot  and  lead  temperatures 
until  the  former  reached  1200  deg.  fahr.  The  recorded  tempera- 
tures were  corrected  for  cold  junction  temperature  and  the  cali- 
bration correction  and  time  temperature  curves  were  drawn  for 
all  the  compounds  used. 

52  The  results  of  this  experiment  are  summarized  in  Figs. 
16  and  17,  which  give  the  numbers  of  the  compounds  upon  which 
results  are  recorded,  the  time  required  to  heat  to  1200  deg. 
with  each  compound  and  the  rapidity  of  rise  in  temperature 
shown  by  the  thermo-couple  packed  in  the  different  carbonizing 
compounds.  . 
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53  This  experiment  has  served  to  place  the  different  case- 
carbonizing  materials  in  a  definite  order  in  regard  to  their 
rapidity  of  heating  up  to  case-carbonizing  temperatures.     The 
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Fig.  16    Thermal  Conductivity  of  Carbonizing  Compounds 


thermal  conductivity  of  case-carbonizing  materials  must  be  care- 
fully considered  when  low  cost  for  this  operation  is  essential 
and  when  large  section  pots  are  used.  The  lag  in  pots  of  large 
section  is  often  sufficient  to  produce  very  un-uniform  penetra- 
tion and  thus  cause  greatest  warpage  and  physical  variation. 
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EFFICIENCY  OF    COPPER    PLATING    IN    PREVENTING  CARBONI- 
ZATION :    GENERAL  METHOD 

54  The  object  of  the  experiment  was  to  determine  the  effici- 
ency of  different  thicloiesses  of  copper  plate  in  preventing  ab- 
sorption of  carbon,  and  to  ascertain  the  condition  under  which 
a  plate  could  be  obtained  effectually  to  prevent  carbonization. 
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Fig.  17    Thermal.  CoNDUcnvrry  of  Carbonizing  Compounds 

55  The  stock  used  in  the  test  pieces  was  steel  No.  3  (0.20 
per  cent  carbon  basic  open-hearth  steel).  The  test  pieces  were 
31/2  ill-  long  by  0.450  in.  in  diameter.  They  were  set  up  on 
centers  in  a  lathe  and  turned  to  0.460  in.  They  were  then  ground 
to  0.450  in.  and  micrometered  carefully  to  1-10,000  in.  All  mi- 
crometer measurements  were  made  by  the  same  man. 

56  The  pieces  were  then  copper  plated,  all  conditions  of  the 
operation  being  kept  constant  except  the  actual  time  of  plating, 
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which  was  carefully  noted  in  each  case.  After  plating  the  test 
pieces  were  micrometered  and  the  thickness  of  the  plate  deter- 
mined. The  pieces  were  then  carbonized  under  standard  condi- 
tion to  give  a  depth  of  case  of  1-32  in.  Carbonizing  furnace 
No.  2  was  used  and  the  material  was  case-carbonizing  material 


TABLE    11 


MEASUREMENT  '  OF  TEST    PIECES;   DURATION  OF  PLATING  OPERA- 
TION;  PER  CENT  CARBON  ABSORBED 


No. 

Diameter    before 
Copper  Plating 

Second  Length 

Time  in  Plating 

Bath,  Sec. 

Diameter 

after 

Copper  Plate 

Thickness  of 
Copper 
Plating 

1 

0.4496 

abovit   1 

0.4497 

0.00005 

2 

0.4500 

10 

0.4501 

0.00005 

3 

0.4500-0.4498 

20 

0.4501-0.4499 

0.00005 

4 

0.4502 

30 

0.4503 

0.00005 

5 

0.4501 

60 

0.4504 

0.00015 

6 

0.4496 

2 

0.4500 

0.0002 

7 

0.4500-0.4502 

3 

0.4507-0.4508 

0.0003 

8 

0.4500 

4 

0.4509 

0.00045 

9 

0.4499 

5 

0.4512-0.4509 

0.00065-0.0005 

10 

0.4500 

10 

0.4525-0.4516 

0.00125-0.0008 

No. 

Diameter  after 

Thickness  Metal 

Per  Cent  C 

Per  Cent   C 

Removal  of  Copper 

Removed  on  Radius 

Cut  No.  1 

Cut  No.  2 

1 

0.450  (?) 

0.96 

0.95 

2 

0.4504-0.450  (?) 

0.58 

0.56 

3 

0.4499-0.4498 

0.0002-0.0001 

0.40 

0.38 

4 

0.450 

0.0003 

0.46 

0.42 

5 

0.4498 

0.0006 

0.20 

0.18 

6     • 

0.4492-0.4490 

0.0008-0.001 

0.19 

0.17 

7 

0.4496-0.4498 

0.0013-0.001 

0.18 

0.16 

8 

0.4493-0.4494 

0.0016-0.0015 

0.20 

0.18 

9 

0.4494-0.4492 

0.0018-0.0016 

0.17 

0.16 

10 

0.4495-0.4490 

0.003  -0.0026 

0.17 

0.16 

'  All  measurements  made  by  one  man  and  as  carefully  as  possible  with  a  0.0001  in.  micrometer 

No.  1,  one-half  new  and  one-half  used.  The  pieces  were  then 
set  up  in  a  lathe  and  the  copper  plate  removed  with  emery 
cloth,  after  which  they  were  carefully  micrometered  again. 

57  Two  cuts  were  taken  on  each  test  piece,  each  cut  being 
0.005  in.  on  the  radius,  reducing  the  diameter  0.010  in.  The 
turnings  obtained  were  carefully  taken  and  were  very  fine.  Car- 
bon determinations  by  direct  combustion  were  made  on  each  cut. 

58  Direct    electric    current    for    all    plating   operations    was 
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furnished  by  a  4-pole  direct-current  dynamo  which  is  belt  driven 
by  an  alternating-current  constant  speed  motor.  The  rated 
capacity  of  the  dynamo  is  360  amperes  at  6  volts. 

V'oltage  across  terminals 4.1 

Temperature  of  bath 170  deg.  fahr. 

Operation 
No,  Contents  of  Bath  Purpose 

1  Gasolene  To  remove  grease 

2  Sawdust  To  dry 

3  Warm  potassium  hydroxide  solution  To  remove  grease  and  dirt 

4  Warm  water  To  wash 

5  Warm  sulphm-ic  acid  solution  To  acid  clean 

6  Warm  water  To  wash 

7  Cold  water  Additional  wash 

8  Cold  potassium  cyanide  solution  Cleanser 

9  Cold  water  To  wash 

10  Electric  cleaner,   warm  sodium  hydroxide      Cleanser     to     give     good 

case-iron  anode  plating  surface 

11  Copper  plating  bath  of  copper  sulphate  and      Plating  bath 

potassium  cyanide  solution  warm 

59  The  copper  cover  to  prevent  the  penetration  entirely  must 
have  a  thickness  of  0.0005  in.  Microscopic  inspection  before 
and  after  case  carbonizing  of  copper  plated  pieces  of  steel  showed 
that  the  copper  coating  was  not  continuous  when  the  thickness 
was  less  than  0.0005  in. 

GENERAL   CONCLUSIONS 

60  This  paper  may  lack  interest  for  the  more  scientific  reader 
on  account  of  the  non- technical  nature  of  the  notes,  and  the 
want  of  timely  information  on  the  subject  of  case  carbonizing. 
The  information  herein  presented  was  obtained  with  the  object 
of  pointing  out:  (a)  the  quantitative  etfect  of  the  commercial 
irregularities  which  creep  into  case-carbonized  steel  parts;  {h) 
the  precautions  which  must  be  observed  if  uniformity  is  desired ; 
and  (c)  the  physical  characteristics  in  case-carbonizing  materials 
which  must  be  considered  if  low  cost  for  this  operation  is  to 
be  obtained. 

61  The  ideal  case-carbonizing  compound  perhaps  has  not 
yet  been  produced;  however,  compounds  which  are  clean,  me- 
chanically strong,  uniform  in  case-carbonizing  power,  and  cap- 
able of  unlimited  re-use  are  being  commercially  employed  in 
case-carbonizing  operation.    This  is  substantial  progress. 
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APPENDIX  NO    1 

TEMPERATURES  AT  WHICH  TEST  PIECES  WERE  REHEATED  OR 
ANNEALED,  EXPERIMENT  NO.  1 

TABLE  12     TRANSVERSE  TESTS  OF   CASE-CARBONIZED  STEEL  NO.  2 


Load 

Deflection 

Depth 

Size 

in  lb. 

of  Center 

of 

No. 

Heat  Treatment 

in  in. 

at  Rup- 

at Rup- 

Case 

ture 

ture  in  in. 

in  in. 

1 

Quenched  from  pot  at  1500°  into  water 

0.500 

900 

0.40 

0.04 

2 

Reheat  1400°,  quench  in  water 

0.500 

775 

0.30 

0.04 

3 

Reheat  1500°,  quench  in  water 

0.500 

740 

0.23 

0.04 

4 

Reheat  1600°,  quench  in  water 

0.500 

850 

0.24 

0.04 

5 

Reheat  1700°,  quench  in  water 

0.500 

800 

0.24 

0.04 

6 

Reheat  1800°,  quench  in  water 

0.500 

815 

0.24 

0.04 

7 

Reheat  1600°,  quench  oil,  reheat  1400°,  quench  water 

0.499 

750 

0.29 

0.04 

S 

Reheat  1600°,  quench  oil,  reheat  1500°,  quench  oil.  . 

0.499 

1050 

0.50 

0.04 

9 

Reheat  1600°,  quench  oil,  reheat  1500°,  quench  water 

0.500 

1000 

0.50 

0.04 

10 

Reheat  1500°,  quench  water,  draw  380°  for  20  nim. . 

0.501 

820 

0.24 

0.04 

u 

0.500 

830 

0.30 

0.04 

iQ 

Anneal  1600°,  quench  oil,  reheat  1500°,  quench  water 

0.499 

900 

0.37 

0.04 

SuMM.\.Ry:  1,  Best  single  heat  treatment  reheat  1600°,  quench  water;  2,  best  double  heat 
treatment  reheat  1600°,  quench  oil,  reheat  1500°,  quench  oil;  3,  best  double  heat  treatment  in- 
creases strength  23  per  cent  and  increases  toughness  105  per  cent;  4,  drawing  the  temper  increases 
strength  10  per  cent  and  toughness  3  per  cent;  5,  annealing  increases  (wirh  single  treatment) 
strength  12  per  cent,  toughness  25  per  cent;  6,  annealing  decreases  (with  double  treatment)  strength 
10  per  cent,  toughness  26  per  cent. 


2033 


3034 


CASE    CARBONIZING 


TABLE  13    TRANSVERSE  TESTS  OF  CASE-CARBONIZED  STEEL  NO.   3 


No. 

lieat  Treatment 

Size 
in  in. 

Load 
in  lb. 
at  Rup- 
ture 

Deflection 
of  Center 
at  Rup- 
ture in  in. 

Depth 

of 
Case 
in  in. 

1 

0.500 
0.500 
0.500 
0.600 
0.500 
0.500 
0.501 
0.501 
0.500 
0.500 
0.500 
0.500 
0.499 
0.498 
0.499 
0.500 
0.500 

0.500 

1020 
950 
940 
850 
800 
725 
940 
700 
700 
810 
810 
810 
840 

1000 
970 
870 
845 

830 

0.61 
0.44 
0.29 
0.31 
0.30 
0.24 
0.30 
0.21 
0.22 
0.24 
0.25 
0.24 
0.30 
0.39 
0.36 
0.26 
0.26 

0.26 

0.010 

2 

0.020 

3 

0.025 

4 

0.030 

5 

0.035 

6 

0.040 

7 

0.040 

8 

0.040 

9 

0.040 

10 

0.040 

11 

0.040 

12 

0.040 

13 
14 
15 
16 
17 
18 

Reheat  1600°,  quench  oil,  reheat  1400°,  quench  water 
Reheat  1600°,  quench  oil,  reheat  1500°,  quench  oil. . 
Reheat  1600°,  quench  oil,  reheat  1500°,  quench  water 
Reheat  1500°,  quench  water,  draw  380°  for  20  min. . 

Anneal  1400°,  reheat  1500°,  quench  water 

Anneal  1600°,  reheat  1600°.  quench  oil,  reheat  1500°, 

0.040 
0.040 
0.040 
0.040 
0.040 

0.040 

Summary:  1,  Strength  and  toughness  decrease  with  increasing  depth  of  case;  2,  minimum 
strength  and  toughness  with  0.040  in.  depth  of  case;  3,  best  single  heat  treatment,  reheat  1600 
deg.  fahr.,  quench  water;  4,  best  double  heat  treatment,  reheat  1600  deg.  fahr.,  quench  oil,  reheat 
1500  deg.  fahr.,  quench  oil;  5,  double  heat  treatment  increases  strength  25  per  cent,  toughness 
56  per  cent;  6,  drawing  temper  at  380  deg.  fahr.  increases  strength  21  per  cent,  toughness  4  per 
cent;  7,  annealing  and  single  treatment  increases  strength  16.5  per  cent,  toughness  4  per  cent; 
8,  annealing  and  double  treatment  decreases  strength  14.5  per  cent,  toughness  29  per  cent. 
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TABLE  14     TRANSVERSE  TESTS  OF   CASE-CARBONIZED  STEEL  NO.  4 


No. 


Heat  Treatment 


Reheat  1600°,  quench  water 

Reheat  1500°,  quench  water 

Reheat  1500°,  quench  water 

Reheat  1500°,  quench  water 

Reheat  1500°,  quench  water 

Reheat  1500°,  quench  water 

Quenched  from  pot  at  1500°  in  water 

Reheat  1400°,  quench  water 

Reheat  1500°,  quench  water 

Reheat  1600°,  quench  water 

Reheat  1700°,  quench  water 

Reheat  1800°,  quench  water 

Reheat  1600°,  quench  oil,  reheat  1400°,  quench  water 
Reheat  1600°,  quench  oil,  reheat  1500°,  quench  water 
Reheat  1500°,  quench  water,  draw  380°  for  20  min. . . 
Reheat    1600°,   quench   oil,   reheat   1500°,   quench 

water,  draw  380°  for  20  min 

Anneal  1400°,  reheat  1500°,  quench  water 


Load 

Size 

in  lb. 

in  in. 

at  Rup- 

ture 

0.500 

830 

0,500 

820 

0.500 

740 

0.500 

745 

0.500 

725 

0.500 

700 

0.500 

810 

0.500 

670 

0.500 

700 

0.501 

850 

0.500 

830 

0.500 

810 

0.500 

840 

0.500 

950 

0.500 

790 

0.500 

950 

0.500 

800 

Deflection 
of  Center 
at  Rup- 
ture in  in. 


0.48 
0.43 
0.35 
0.34 
0.32 
0.22 
0.24 
0.22 
0.22 
0.25 
0.25 
0.24 
0.30 
0.45 
0.26 

0.44 
0.26 


Depth 

of 
Case 
in  ia. 


0.010 
0.015 
0.020 
0.025 
0.030 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 

0.040 
0.040 


Summary:  1,  Strength  and  toughness  decrease  with  increasing  depth  of  case;  2,  minimum 
strength  and  toughness  occur  with  depth  of  case  of  0.020  in.;  3,  best  single  heat  treatment  reheat 
1600  deg.  fahr.,  quench  water;  4,  best  double  heat  treatment  reheat  1600  deg.  fahr.,  quench  oil, 
reheat  1500  deg.  fahr.,  quench  water;  5,  double  heat  treatment  increases  strength  11.8  per  cent, 
toughness  SO  per  cent;  6,  drawing  increases  with  single  treatment  strength  12.9  per  cent,  toughness 
18.2  per  cent;  7,  drawing  increases  with  double  treatment  strength  0  per  cent,  toughness  0  per 
cent;  8,  annealing  increases  with  single  treatment  strength  14.3  per  cent,  toughness  18.2  per  cent. 
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TABLE  15     TRANSVERSE  TESTS  OF  CASE-CARBONIZED  STEEL  NO.  5 


Load 

Deflection 

Depth 

Size 

in  lb. 

of  Center 

of 

No. 

Heat  Treatment 

in  in. 

at  Rup- 

at Rup- 

Case 

ture 

ture  in  in. 

in  in. 

1 

0.508 

1225 

2.66 

0.014 

2 

Reheat  1550°,  quench  oil 

0.508 

1220 

2.30 

0.020 

3 

0  509 

1215 

1.75 

0.025 

4 

Reheat  1550°,  quench  oil 

0.509 

1360 

1.20 

0.030 

5 

Reheat  1550°,  quench  oil 

0.508 

1295 

.0.70 

0.035 

6 

Reheat  1550°,  quench  oil 

0..509 

1255 

0.46 

0.040 

0.505 

1400 

0.53 

0.040 

S 

Reheat  1310°,  quench  oil 

0.504 

850 

0.46 

0.040 

9 

Reheat  1400°,  quench  oil 

0.504 

1150 

0.46 

0.040 

10 

Reheat  1500°,  quench  oil 

0.504 

1250 

0.46 

0.040 

11 

Reheat  1600°,  quench  oil 

0.504 

1250 

0.45 

0.040 

12 

Reheat  1700°,  quench  oil 

0.504 

1280 

0.46 

0.040 

13 

Reheat  1800°,  quench  oil 

0.504 

1250 

0.43 

0.040 

14 

Reheat  1600°,  quench  oil,  reheat  1400°,  quench  oil.. 

0.504 

1210 

0.60 

0.040 

15 

Reheat  1600°,  quench  oil,  reheat  1400°,  quench  water 

0.502 

1200 

0.42 

0.040 

16 

Reheat  1600°,  quench  oil,  reheat  1500°,  quench  oil. . 

0.503 

1500 

0.51 

0.040 

17 

Reheat  1600°,  quench  oil,  reheat  1500°,  quench  water 

0.504 

1240 

0.44 

0.040 

18 

Reheat  1500°,  quench  oil,  draw  380°  for  20  min 

0.504 

1560 

0.56 

0.040 

19 

Reheat  1600°,  quench  oil,  reheat  1400°,  draw  380° 

0.504 
0.504 

1320 
1280 

0.72 
0.43 

0.040 

20 

0.040 

21 

Reheat    1500°,    reheat    1600°,    quench    oil,    reheat 

1  (1 10°,  quench  oil 

0.505 

1200 

0.60 

0.040 

Su.M.MAur:  1,  Strength  and  toughness  decrease  with  increase  depth  of  case;  2,  minimum 
strength  and  toughness  occur  with  depth  of  case  0.040  in.;  3,^  best  single  heat  treatment  reheat 
1500°,  quench  oil;  4,  best  double  heat  treatment  reheat  1600°,  quench  oil,  reheat  1500°,  quench 
oil;  5,  double  heat  treatment  increases  strength  20  per  cent,  toughness  10.8  per  cent;  6,  drawing 
increa.ses  with  single  heat  treatment  strength  24.8  per  cent,  toughness  10.8  per  cent;  7,  drawing 
increases  with  double  heat  treatment  strength  9.1  per  cent,  toughness  20  per  cent;  8,  annealing 
increases  with  single  hoat  treatment  strength  2.4  per  cent,  toughness  6.5  per  cent;  9,  annealing 
increases  with  double  heat  treatment  strength  0  per  cent,  toughness  0  per  cent. 
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TABLE  16     TRANSVERSE  TESTS  OF  CASE-CARBONIZED  STEEL  NO.  6 


Load 

Deflection 

Depth 

Size 

in  lb. 

of  Center 

of 

No. 

Heat  Treatment 

in  in. 

at  Rup- 

at Rup- 

Case 

ture 

ture  in  in. 

in  in. 

1 

Reheat  1500°,  quench  oil 

0.504 
0.504 

2010 
1675 

2.40 
0.79 

0.010 

2 

Reheat  1500°,  quench  oil 

0.015 

3 

Reheat  1500°,  quench  oil 

0.505 

1615 

0.69 

0.020 

4 

Reheat  1500°,  quench  oil 

0.505 

1455 

0.55 

0.030 

o 

Reheat  1500°,  quench  oil 

0.505 

1390 

0.52 

0.035 

0 

Reheat  1500°,  quench  oil 

0.504 

1250 

0.43 

0.040 

7 

Quenched  from  pot  at  1500°  into  oil 

0.504 

1350 

0.49 

0.040 

S 

Reheat  1300°,  quench  oil 

0.503 

880 

0.32 

0.040 

9 

Reheat  1400°,  quench  oil 

0.503 
0.504 
0.504 
0.502 
0.502 
0.503 

1230 
1315 
1300 
1320 
1300 
1240 

0.42 
0.45 
0.45 
0.45 
0.45 
0.75 

0  040 

10 

Reheat  1500°,  quench  oil ^ .  .  .  . 

0.040 

11 

Reheat  1600°,  quench  oil 

0.040 

12 

Reheat  1700°,  quench  oil .... 

0.040 

13 

Reheat  1800°,  quench  oil 

0.040 

14 

Reheat  1600°,  quench  oil,  reheat  1300°,  quench  oil. . 

0.040 

15 

Reheat  1600°,  quench  oil,  reheat  1400°,  quench  oil. . 

0.505 

1260 

0.59 

0.040 

16 

Reheat  1600°,  quench  oil,  reheat  1400°,  quench  water 

0.504 

1200 

0.37 

0.040 

17 

Reheat  1600°,  quench  oil,  reheat  1500°,  quench  oil.  . 

0.504 

1390 

0.44 

0.040 

18 

Reheat  1600°,  quench  oil,  reheat  1500°,  quench  water 

0.504 

1415 

0.46 

0.040 

19 

Reheat  1500°,  quench  oil,  draw  380°  for  20  min 

0.504 

1610 

0.53 

0.040 

20 

Reheat  1600°,  quench  oil,  reheat  1400°,  quench  oil. 

draw  380°  for  20  min 

0.504 
0.504 

1400 
1370 

0.65 
0.44 

0.040 

21 

Anneal  1500°,  quench  oil 

0.040 

22 

Anneal  1600°,  quench  oil,  reheat  1400°,  quench  oil... 

0..504 

1250 

0.60 

0.040 

Summ.a.ry:  1,  Strength  and  toughness  decreases  with  increasing  depth  of  case;  2,  minimum 
strength  and  toughness  occurs  with  depth  of  case  of  0.040  in.;  3,  best  single  heat  treatment  reheat 
1500  deg.  fahr.,  quench  in  oil;  4,  best  double  heat  treatment  reheat  1600  deg.  fahr.,  quench  in 
oil,  reheat  1500  deg.  fahr.,  quench  oil;  5,  best  double  heat  treatment  increases  strength  6.1  per 
cent  and  toughness  0  per  cent;  6,  drawing  increases  with  single  treatment  strength  23  per  cent  and 
toughness  17.8  per  cent;  7,  drawing  increases  with  double  treatment  strength  11  per  cent  and 
toughness  10.1  per  cent;  8,  annealing  increases  with  single  treatment  strength  4.1  per  cent  and 
toughness  0  per  cent;  9,  annealing  increases  with  double  treatment  strength  0  per  cent  and  tough- 
ness 0  per  cent. 
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TABLE  17    TRANSVERSE  TESTS  OF  CASE-CARBONIZED  STEEL  NO.  7 


Load 

Deflection 

Depth 

Size 

in  lb. 

of  Center 

of 

No. 

Heat  Treatment, 

in  in. 

at  Rup- 

at Rup- 

Case 

ture 

ture  in  in. 

m  IS. 

1 

Reheat  1500°,  quench  oil 

0.506 

1976 

2.60 

0.010 

2 

Reheat  1500°,  quench  oil 

0.505 

1940 

1.25 

0.020 

3 

Reheat  1500°,  quench  oil 

0  505 

1760 

0  96 

0.025 

4 

Reheat  1500°,  quench  oil 

0.506 

1640 

0.70 

0.030 

5 

Reheat  1500°,  quench  oil 

0.504 

1410 

0.63 

0.035 

6 

Reheat  1500°,  quench  oil 

0.505 

1275 

0.44 

0.040 

7 

0.504 

1250 

0.42 

0.040 

8 

Reheat  1300°,  quench  oil 

0.501 

1000 

0.33 

0.040 

9 

Reheat  1400°,  quench  oil 

0.500 
0.502 
0.502 
0.499 
0.499 
0.501 

1250 
1280 
1280 
1300 
1225 
1200 

0.40 
0.44 
0.44 
0.45 
0.42 
0.60 

0.040 

10 

Reheat  1500°,  quench  oil 

0.040 

11 

Reheat  1600°,  quench  oil 

0.040 

12 

Reheat  1700°,  quench  oil 

0.040 

13 

Reheat  1800°,  quench  oil 

0.040 

14 

Reheat  1600°,  quench  oil,  reheat  1300°,  quench  oil. . 

0.040 

15 

Reheat  1600°,  quench  oil,  reheat  1400°,  quench  oil. . 

0.500 

1320 

0.50 

0.040 

lb 

Reheat  1600°,  quench  oil,  reheat  1400°,  quench  water 

0.500 

1170 

0.37 

0.040 

17 

Reheat  1600°,  quench  oil,  reheat  1500°,  quench  oil.. 

0.500 

1380 

0.41 

0.040 

18 

Reheat  1600°,  quench  oil,  reheat  1500°,  quench  water 

0.500 

1250 

0.40 

0.040 

19 

Reheat  1500°,  quench  oil,  draw  380°  for  20  min..  .  . 

0.503 

1630 

0.53 

0.040 

20 

Reheat  1600°,  quench  oil,  reheat  1400°,  quench  oil. 

draw  380°  for  20  min 

0.502 
0.502 

1525 
1300 

0.58 
0.40 

0.040 

21 

Anneal  1500°,  reheat  1500°,  quench  oil 

0.040 

22 

Anneal  1500°,  reheat  1600°,  quench  oil,  reheat  1400°, 

0.502 

1300 

0.47 

0.040 

Summary:  1,  Toughness  and  strength  decrease  with  increasing  depth  of  case;  2,  minimum 
strength  and  toughness  occurs  with  depth  of  case  of  0.040  in.;  3,  best  single  heat  treatment  reheat 
1450  deg.  fahr.,  quench  oil;  4,  best  double  heat  treatment  reheat  1600  deg.  fahr.,  reheat  1400 
(leg.  fahr.,  quench  oil;  5,  best  double  heat  treatment  increases  strength  5.6  per  cent  and  toughness 
13.6  per  cent;  6,  drawing  increa.ses  with  single  treatment,  strength  27.4  per  cent,  and  toughness 
20.5  per  cent;  7,  drawing  increa.ses  with  double  treatment,  strength  15.5  per  cent,  and  toughness 
16  per  cent;  8,  annealing  increases  with  single  treatment,  strength  4  per  cent,  and  toughness  0  per 
cent;  9,  aimealing  decreases  with  double  treatment,  strength  1.5  per  cent,  and  toughness  6  per 
cent. 
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TABLE  18     TRANSVERSE  TESTS  OF  CASE-CARBONIZED  STEEL  NO.  8 


Load 

Deflection 

Depth 

Size 

in  lb. 

of  Center 

of 

No. 

Heat  Treatment 

in  in. 

at  Rup- 

at Rup- 

Case 

ture 

ture  in  in. 

in  in. 

1 

Reheat  1550°,  quench  oil 

0.507 

2055 

1.14 

0.010 

2 

Reheat  1550°,  quench  oil 

0.608 

1625 

0.55 

0.020 

3 

Reheat  1550°.  quench  oil 

0.507 
0.507 
0.506 

1375 
1350 
1350 

0.43 
0.42 
0.42 

0.040 

4 

0.060 

5 

Reheat  1550°,  quench  oil 

0.070 

6 

Reheat  1550°,  quench  oil 

0.506 
0.506 

1350 
1350 

0.42 
0.45 

0.095 

7 

Quenched  from  pot  at  1500°  into  oil 

0.040 

8 

Reheat  1300°,  quench  oil 

0.503 
0.504 
0  503 
0.504 
0.506 
0.504 
0.504 

800 
1100 
1250 
1300 
1360 
1250 
1300 

0.28 
0.34 
0.40 
0.43 
0.44 
0.41 
0.48 

0.040 

9 

0.040 

10 

Reheat  1500°,  quench  oil 

0.040 

11 

Reheat  1600°,  quench  oil 

0.040 

12 

Reheat  1700°,  quench  oil 

0.040 

13 

Reheat  1800°,  quench  oil 

0.040 

14 

Reheat  1550°,  quench  oil,  reheat  1300°,  quench  oil. . 

0.040 

15 

Reheat  1550°,  quench  oil,  reheat  1400°,  quench  oil. . 

0.505 

1450 

0.50 

0.040 

16 

Reheat  1550°,  quench  oil,  reheat  1400°,  quench  water 

0.505 

1400 

0.39 

0.040 

17 

Reheat  1550°,  quench  oil,  reheat  1500°,  quench  oil. . 

0.504 

1440 

0.49 

0.040 

18 

Reheat  1550°,  quench  oil,  reheat  1500°,  quench  water 

0.502 

1340 

0  37 

0.040 

19 

Reheat  1550°,  quench  oil,  draw  380°  for  20  min 

0.503 

1750 

0.60 

0.040 

20 

Reheat  1500°,  quench  oil,  reheat  1400°,  quench  oil, 

draw  380°  for  20  min 

0.505 
0.504 

1580 
1370 

0.53 
0.43 

0.040 

21 

Anneal  1500°,  reheat  1500°,  quench  oil 

0.040 

22 

Anneal  1500°,  reheat  1550°,  quench  oil,  reheat  1400°, 

0.505 

1440 

0.46 

0.040 

Summary:  1,  Strength  and  toughness  decrease  with  increase  in  depth  of  case;  2,  minimum 
strength  and  toughness  occur  with  depth  of  case  0.040  in.;  3,  best  single  treatment  reheat  1500°, 
quench  oil;  4,  best  double  treatment  reheat  1550°,  quench  oil,  reheat  1400°,  quench  oil;  5,  best 
double  treatment  incre.ases  strength  6.9  per  cent,  toughness  19  per  cent;  6,  drawing  increases  with 
best  single  treatment,  strength  29.6  per  cent,  toughness  43  per  cent;  7,  drawing  increases  with 
best  double  treatment  17  per  cent,  toughness  23.8  per  cent;  8,  annealing  increases  with  best  single 
treatment  1.5  per  cent,  toughness  2.4  per  cent;  9,  annealing  decreases  with  best  double  treatment, 
.strength  0.7  per  cent,  toughness  8  per  cent. 
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TABLE  19     TRANSVERSE  TESTS  OP  CASE-CARBONIZED  STEEL  NO.  9 


No. 


4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


Heat  Treatment 


Size 
in  in. 


Reheat  1500°,  quench  oil 

Reheat  1500°,  quench  oil 

Reheat  1500°,  quench  oil 

Relieat  1500°,  quench  oil 

Reheat  1500°,  quench  oil 

Reheat  1500°,  quench  oil 

Quenched  from  pot  at  1500°  into  oil 

Reheat  1300°,  quench  oil 

Reheat  1400°,  quench  oil 

Reheat  1500°,  quench  oil 

Reheat  1600°,  quench  oil 

Reheat  1700°,  quench  oil 

Reheat  1800°,  quench  oil 

Reheat  1550°,  quench  oil,  reheat  1300°,  quench  oil 

Reheat  1550°,  quench  oil,  reheat  1400°,  quench  oil 

Reheat  1550°,  quench  oil,  reheat  1400°,  quench  water 

Reheat  1550°,  quench  oil,  reheat  1500°;  quench  oil. 

Reheat  1550°,  quench  oil,  reheat  1500°,  quench  water 

Reheat  1550°,  quench  oil,  draw  380°  tor  20  min. .  .  . 

Reheat  1560°,  quench  oil,  reheat  1400°,  quench  oil, 
draw  380°  for  20  min 

Anneal  1500°,  reheat  1500°,  quench  oil 

Anneal  1500°,  reheat  1550°,  quench  oil,  reheat  1400° 
quench  oil 


0.508 
0.508 
0.509 
0.509 
0.508 
0.509 
0.504 
0.507 
0.507 
0.507 
0.504 
0.503 
0.503 
0.504 
0.505 
0.506 
0.506 
0.503 
0.506 

0.506 
0.506 


Load 
in  lb. 
at  Rup- 
ture 


1595 
1450 
1450 
1455 
1435 
1400 
1700 
1075 
1450 
1450 
1450 
1500 
1500 
1300 
1550 
1170 
1450 
1240 
1950 

1950 
1.500 


Deflection 
of  Center 
at  Rup- 
ture in  in. 


0.52 
0.46 

0.48 
0.45 
0.47 
0.44 
0.50 
0.44 
0.44 
0.47 
0.48 
0.50 
0.50 
0.47 
0.47 
0.32 
0.46 
0.34 
0.60 

0.62 
0.48 


Depth 

of 

Case 

in  in. 


0.010 
0.020 
0.040 
0.060 
0.070 
0.095 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 

0.040 
O.04O 

0.040 


Summ.\ry:  1,  The  strength  and  toughness  decreases  with  increase  in  depth  of  case;  2,  minimum 
strength  and  toughness  occur  with  depth  of  case  of  0.02  in.;  3,  best  single  treatment  reheat  1400°, 
quench  oil;  4,  best  double  treatment  reheat  1500°,  quench  oil,  reheat  1400°,  quench  oil;  5,  be.st 
double  treatment  increases  strength  6.9  per  cent  and  toughness  0  per  cent;  6,  drawing  increases 
with  single  treatment,  strength  34.4  per  cent,  toughness  27.6  per  cent;  7,  drawing  increases  with 
double  treatment  strength  25.8  per  cent,  toughness  40.5  per  cent;  8,  annealing  increases  with 
single  treatment,  strength  4.1  per  cent,  toughness  2.1  per  cent;  9,  annealing  decreases  with  double 
treatment,  strength  3.3  per  cent,  toughness  0  per  cent. 
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TABLE  20     TRANSVERSE  TESTS  OF  CASE-CARBONIZED  STEEL  NO.  10 


Load 

Deflection 

Depth 

Size 

in  lb. 

of  Center 

of 

No. 

Heat  Treatment 

in  in. 

at  Rup- 

at Rup- 

Case 

ture 

ture  in  in. 

in  in. 

1 

Reheat  1700°,  quench  water 

0.505 

1700 

1.04 

0.105 

2 

Reheat  1700°,  quench  water 

0.507 
0.505 

1630 
1600 

0.85 
0.72 

0.020 

3 

Reheat  1700°,  quench  water 

0.025 

4 

Reheat  1700°,  quench  water 

0.508 

1550 

0.54 

0.030 

5 

Reheat  1700°,  quench  water 

0.507 

1410 

0.42 

0.035 

6 

Reheat  1700°,  quench  water 

0.510 

1385 

0.42 

0.040 

7 

Quenched  from  pot  at  1700° 

0.506 

1490 

0.49 

0.040 

8 

Reheat  1400°,  quench  water 

0.506 

1150 

0.53 

0.040 

9 

Reheat  1500°,  quench  water .  . 

0.506 
0.506 

1200 
1400 

0.40 
0.40 

0.040 

10 

Reheat  1600°,  quench  water 

0.040 

11 

Reheat  1700°,  quench  water 

0.506 

1400 

0.42 

0.040 

12 

Reheat  1800°,  quench  water 

0.506 

1390 

0.41 

0.040 

13 

Reheat  1700°,  quench  oil,  reheat  1400°,  quench  water 

0.504 

1300 

1.60 

0.040 

14 

Reheat  1700°,  quench  oil,  reheat  1500°,  quench  water 

0.503 

1240 

0.38 

0.040 

15 

Reheat  1700°,  quench  oil,  reheat  1600°,  quench  oil. . 

0.502 

1550 

0.67 

0.040 

16 

Reheat  1700°,  quench  oil,  reheat  1600°,  quench  water 

0.504 

1500 

0.44 

0.040 

17 

Reheat  1700°,  quench  oil,  reheat  1700°,  quench  oil    . . 

0.504 

1500 

0.49 

0.040 

18 

Reheat  1700°,  quench  oil,  reheat  1700°,  quench  water 

0.503 

1450 

0.48 

0.040 

19 

Reheat  1700°,  quench  water,  draw  at  380°  for  20  min. 

0.504 

1600 

0.50 

0.040 

20 

Reheat    1700°,    quench    oil,    reheat    1000°,    quench 

water,  draw  380°  for  20  min 

0.504 
0.504 

1750 
1440 

0.50 
0.43 

0.040 

21 

Anneal  1550°,  reheat  1700°,  quench  water 

0.040 

Summary:  1,  Strength  and  toughness  decrease  with  increase  in  depth  of  case;  2,  minimum 
strength  and  toughness  occur  with  depth  of  case  of  0.035  per  cent;  3,  best  single  heat  treatment 
reheat  1600  deg.  fahr.  to  1700  deg.  fahr.,  quench  water;  4,  best  double  heat  treatment  reheat  1700 
deg.  fahr.,  quench  oil,  reheat  1600  deg.  fahr.,  quench  oil;  5,  best  double  heat  treatment  increases 
strength  10.7  per  cent,  toughness  92.5  per  cent;  6,  drawing  increases  with  single  treatment, 
strength  14.3  per  cent,  toughness  25  per  cent;  7,  drawing  increases  with  double  treatment,  strength 
16.7  per  cent,  toughness  13.6  per  cent;  8,  annealing  incrosaes  with  single  treatment,  strength  2.8 
per  cent,  toughness  7  per  cent. 
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TABLE  21     TRANSVERSE  TESTS    ON  OIL-HARDENED  STEELS 


Steel  No.  11 


No. 

Heat  Treatment 

Size 
in  in. 

Load 
in  lb. 
at  Rup- 
ture 

Deflection 
of  Center 
at  Rup- 
ture in  in. 

Hard- 
ness 

Remarks 

1 

Heated  1700°,  quench  in  oil,  drawn 
212°  for  20  min 

508 
508 
508 

2000 
3025 
2375 

0  75 

1  55 
2.50 

576 
542 
508 

2 

Heated  1700°,  quench  in  oil,  drawn 
400°  for  20  min 

3 

Heated  1700°,  quench  in  oil,  drawn 
600°  for  20  min 

Steel  No.   12 


1 

Heated  1500°,  quenched  in  oil,  drawn 
212°  for  20  min 

508 
508 
508 

1900 

2825 
2470 

0  00 

1  50 

2 .  50 

562 

545 
513 

2 

Heated  1500°,  quenched  in  oil,  drawn 
400  °  for  20  min. 

3 

Heated  1500°,  quenched  in  oil,  drawn 
600°  for  20  min 

Did 
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APPENDIX  NO.  2 

TEMPERATURE  RECORDS  FOR  EXPERIMENT  NO.  3 

TABLE  22  TEMPERATURE  RECORD  RUN  NO.  1,  1300  DEG.  FAHR.  MATERIAL; 
BAR  291-2  (0,20%  CARBON  OPEN  HEARTH);  BAR  726-2  (0.20%  NICKEL): 
BAR  353-2  (0.207o  "A"  VANADIUM) 


Temperature 

.  Deg.  Fahr. 

Time 

Remarks 

Cold  Junction 

Furnace 

Pot 

Pot  Corrected 

9.17 

90 

100 

atmos. 

Furnace  started 

9.30 

97 

630 

9.45 

98 

880 

10.00 

106 

1035 

10.15 

110 

1240 

490 

475 

10.30 

106 

1400 

870 

855 

10.45 

104 

1335 

1200 

1185 

11.00 

108 

1320 

1310 

1295 

Begin  to  count  time 

11.15 

112 

1220 

1320 

1300 

11.30 

114 

1160 

1300 

1280 

11.45 

118 

1225 

1260 

1240 

12.00 

112 

1320 

1280 

1260 

12.15 

116 

1355 

1330 

1310 

12.30 

1360 

1330 

1310 

12.45 

1280 

1350 

1320 

1.00 

117 

1285 

1360 

1340 

1.15 

118 

1255 

1330 

1310 

1.30 

124 

1290 

1320 

1295 

1.45 

122 

1300 

1320 

1295 

2.00 

117 

1255 

1335 

1315 

2.15 

121 

1225 

1315 

1295 

2.30 

124 

1225 

1290 

1265 

2.45 

124 

1345 

1310 

1280 

3.00 

132 

1340 

1360 

1330 

3.15 

128 

1260 

1360 

1335 

3.30 

120 

1200 

1330 

1305 

3.45 

117 

1200 

1300     . 

1280 

4.00 

126 

1250 

1270 

1245 

Pot  pulled 
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TABLE  23     TEMPERATURE  RECORD  RUN 

NO.  2,   1400  DEG.  FAHR. 

Temperature,  Deg.  Fahr. 

Time 

Remark.s 

Cold  Junction 

Furnace 

Pot 

Pot  Corrected 

8.55 

95 

400 

Furnace  started 

9.05 

98 

500 

9.15 

95 

840 

9.30 

100 

1040 

9.45 

103 

1190 

10.00 

105 

1325 

715 

700 

10.15 

105 

1445 

1150 

1135 

10.30 

110 

1440 

1330 

1315 

10.45 

110 

1460 

1440 

1425 

Begin  to  count  liiii'' 

11.00 

112 

1400 

1460 

1440 

11.15 

116 

1360 

1440 

1420 

11.30 

119 

1335 

1415 

1395 

11.45 

114 

1385 

1410 

1390 

12.00 

125 

1435 

1440 

1415 

12.15 

123 

1420 

1465 

1440 

12.30 

120                        1400 

1460 

1435 

12.45 

120            1            1380 

1420 

1400 

1.00 

120            j            1415 

1415 

1395 

1.15 

125                        1345 

1400 

1375 

1.30 

124                        1355 

1400 

1375 

1.45 

130 

1435 

1425 

1400 

2.00 

130 

1440 

1450 

1425 

2.15 

125 

1405 

1445 

1420 

2.30 

120 

1375 

No.  4  couple  off 

2.45 

1320 

3.00 

128 

1300 

1310 

1285 

3.15 

132 

1410           '            1325 

1290 

3.30 

125                        1475           ;            1400 

1375 

3.45 

120 

1460 

1430 

1405 

4.00 

125 

1420 

1425 

1400 

4.15 

125 

1375. 

1405 

1380 

Pot  pulled 
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TABLE  24  TEMPERATURE  RECORD  RUN  NO.  3.  1500  DEC.  FAHR.  MATERIAL: 
BAR  292-2  (0.20%  CARBON  OPEN  HEARTH);  BAR  728-2  (0.20%  NICKEL); 
BAR  354-2   (0.2i'%   "A"   VANADIUM) 


Temperature 

Deg.  Fahr. 

Time 

Remarkf 

Cold  Junction 

Furnace 

Pot 

Pot  Corrected 

8.40 

150 

Furnat-e  started 

9.00 

98 

650 

9.15 

98 

910 

9.30 

101 

1090 

9.45 

101 

1230 

490 

475 

10.00 

103 

1345 

910 

895 

10.15 

106 

1440 

1190 

1175 

10.30 

110 

1535 

1385 

1370 

10.45 

111 

1540 

1520     ' 

1505 

11.00 

112 

1540 

1570 

1550 

11.15 

120 

1500 

1535 

1515 

11.30 

121 

1465 

1565 

1540 

11.45 

118 

1460 

1525 

1505 

■  12.00 

116 

1455 

1545 

1520 

12.15 

120 

1400 

1520 

1500 

12.30 

120 

1360 

1280  (?) 

1260  (?) 

12.45 

120 

1420 

1400 

1380 

1.00 

120 

1470 

1420 

1400 

1.15 

120 

1455 

1555 

1530 

1.30 

126 

1370 

1530 

1505 

1.45 

121 

1360 

1475 

1450 

2.00 

128 

1410 

1460 

1435 

2.15 

132 

1480 

1.525 

1495 

2.30 

125 

1480 

1580 

1565 

2.45 

124 

1425 

1.545 

1520 

3.00 

128 

1380 

1510 

1485 

3.15 

130 

1365 

1500 

1475 

3.30 

128 

1420 

1475 

1450 

3.45 

122 

1500 

1520 

1496 

4.00 

120 

1390 

1570 

1555 

4.15 

127 

1320 

1500 



1475 

Pot  pulled 
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TABLE  25  TEMPERATURE  RECORD  RUN  NO.  4,  1600  DEC.  FAHR.  MATERIAL: 
BAR  293-1  (0  20%  CARBON  OPEN  HEARTH);  BAR  732-1  (0.20%  NICKEL); 
BAR  355-1   (0.20%   "A"  VANADIUM) 


Temperature, 

Deg.  Fahr. 

Time 

Remarks 

Cold  Junction 

Furnace 

Pot 

Pot  Corrected 

10.00 

Furnace  startod 

10.30 

1000 

10.45 

1210 

11.00 

11.15 

80 

1460 

910 

895 

11.30 

85 

1565 

1235 

1210 

11.45 

86 

1655 

1465 

1445 

12.00 

88 

1655 

1600 

1580 

12.15 

12.30 

12.45 

1.00 

102 

1515 

1545 

1520 

1.15 

99 

1565 

1565 

1540 

1.30 

101 

1530 

1550 

1525 

1.45 

95 

1550 

1560 

1435 

2.00 

84 

1625 

1600 

1580 

2.15 

102 

1650 

1635 

1610 

2.30 

100 

1640 

1655 

1625 

2.45 

90 

1580 

1655 

1625 

3.00 

74 

1585 

1640 

1675 

3.15 

92 

1560 

1600 

1580 

3.30 

90 

1555 

1500 

1475 

3.45 

105 

1540 

1565 

1540 

4.00 

92 

1620 

1600 

1580 

4.15 

4.30 

96 

1655 

1650 

1625 

4.45 

98 

1585 

1640 

1615 

Ji.OO 

98 

1530 

1595 

1575 

Pot  pulled 
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TABLE  26  TEMPERATURE  RECORD  RUN  NO.  6,  1700  DEG.  FAHR.  MATERIAL: 
BAR  293-2  (0.20%  CARBON  OPEN  HEARTH);  BAR  732-2  (0.20%  NICKEL); 
BAR  356-2  (0.20%  "A"  VANADIUM) 


Temi)erat\ire,  Deg.  Fahr. 

Time 

KeLQHrlcs 

Cold  Junction 

Furnace 

Pot 

Pot  Corrected 

8.45 

Furnace  started 

9.00 

9.15 

1100 

9.30 

1300 

9.45 

74 

1405 

500 

980 

10.00 

79 

1570 

980 

955 

10.15 

76 

1700 

1375 

1330 

10.30 

78 

1740 

1565 

1540 

10.45 

90 

1600 

1635 

1610 

11.00 

88 

1590 

1610 

1590 

11.16 

88 

1585 

1600 

1580 

11.30 

92 

1695 

1630 

1605 

11.45 

102 

1800 

1740 

1725 

12.00 

100 

1740 

1750 

1735 

12.15 

108 

1700 

1740 

1725 

12.30 

12.45 

1.00 

1.15 

91 

1650 

1665 

1650 

1.30 

85 

1650 

1675 

1660 

1.45 

90 

1715 

1715 

1700 

2.00 

91 

1685 

1720 

1705 

2.16 

91 

1660 

1685 

1670 

2.30 

110 

1665 

1680 

1665 

2.45 

90 

1665 

1685 

1670 

3.00 

90 

1665 

1685 

1670 

3.15 

88 

1675 

1700 

1685 

3.30 

104 

1675 

1680 

1665 

3.45 

103 

1675 

1690 

1675 

4.00 

1685 

1700 

1685 

4.15 

100 

1695 

1705 

1690 

4.30 

98 

1696 

1705 

1690 

4.45 

90 

1700 

1715 

1700 

Pot  pulled 

1 

T'i»'l.                             =r 
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TABLE  27  TEMPERATURE  RECORD  RUN  NO.  26,  1800  t>EG.  FAHR.  MATERIAL: 
BAR  284-1  (0.20%  CARBON  OPEN  HEARTH);  BAR  469-1  (0.20%  NICKEL); 
BAR  455-1   (0.20%   "A"  VANADIUM)  


Temperature 

Deg.   Fahr. 

Time 

Remarlcs 

Cold  Junction 

Furnace 

Pot 

Pot  Corrected 

10.00 

Furnace  started 

10.15 

10.30 

10.45 

1220 

11.00 

1380 

11.15 

11.30 

88 

1620 

1215 

1200 

11.45 

96 

1760 

1500 

1475 

12.00 

97 

1805 

1710 

1695 

12.15 

109 

1810 

1780 

1780 

12.30 

12.45 

1.00 

108 

1865 

1870 

1800 

1.15 

112 

1745 

1835 

1825 

1.30 

104 

1760 

1780 

1770 

1.45 

106 

1805 

1810 

1800 

2.00 

106 

1815 

1825 

1815 

2.15 

96 

1780 

1820 

1810 

2.30 

2.45 

113 

1775 

1800 

1790 

3.00 

115 

1780 

1800 

1790 

3.15 

105 

1780 

1805 

1795 

3.30 

HI 

1780 

1800 

1790 

3.45 

115 

1785 

1800 

1790 

4.00 

102 

1785 

1805 

1795 

4.15 

105 

1780 

1800 

1790 

4.30 

112 

1775 

1800 

1790 

4.45 

101 

1770 

1795 

1785 

5.00 

116 

1765 

1786 

1775 

Pot  pulled 
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MICROSCOPIC    INVESTIGATION    OF    OPEN-HEARTH    STEELS 

TEST   PIECE   CASE   CARBONIZED  AT   1300   DEG.    FAHR.,   ETCHED   IN   5   PER 

CENT   I'IClUC   ACID   KOU    GO    SECONDS 

C3  Magnificittion  100  Ifitinictern.  On  tlie  outsule  of  this  specimen  is 
a  zone  of  pearlitc  with  excess  cenientite  or  ferrite  in  lines  too  fine  for 
needle  test  about  0.007.")  nnn.  thick.  Inside  this  is  a  zone  of  beautiful 
lamellar  pearlite,  about  o.OUO  nnn.  thick,  of  eutectic  composition.  Further 
in  there  is  a  zone  of  gradation  of,  carbon  content  about  0.03375  mm. 
thick,  inside  of  which  is  the  normal  low  carl)on  interior,  the  pearlite 
appearing  in  tine  particles  surrounded  by  ferrite.  Total  penetration  of 
carbon  is  0.1350  mm.  Just  inside  the  gradation  zone  and  intermingled 
with  it,  there  is  scattered  a  large  number  of  thin  brown  needles,  varying 
in  size  from  barely  discernible  specks  to  needles  about  0.009  mm.  long. 
Mr,  K.  W.  Zimmerschied  calls  these  needles  nitrides,  since  he  obtained 
similar  ones  by  quenching  some  steel  in  ammonia.  Penetrating  the  car- 
bonized zone  in  many  places  around  the  circumference  are  bands  of  ferrite 
at  various  angles  from  0  to  90  with  the  radius  containing  almost  no 
pearlite,  but  a  thick  sprinkling  of  very  minute  specks  and  lines  which  may 
be  nitrides. 

64  Magnification  J,00  Diameters.  Under  this  power  the  ferrite  bands, 
containing  nitrides,  appear  at  intervals  all  the  way  around  the  circumfer- 
ence, more  numerous  in  some  parts  than  in  others.  These  nitrides  are 
more  resolved  at  this  power  and  hence  more  readily  seen,  but  beyond  this 
increased  distinctness,  the  specimen  appears  as  described  above. 

TEST   PIECE   CASE   CARBONIZED   AT   1400   DEG.    FAHR.,    ETCHED   IN   5    PER 
CENT  PICRIC  ACID  FOR  45   SECONDS 

65  Magnification  100  Diameters.  In  this  specimen  the  depth  of  pene- 
tration of  the  carbon  seems  to  be  fairly  uniform,  averaging  0.420  mm. 
thick.  On  the  outside  there  is  a  zone  of  irregular  thickness,  containing 
pearlite  with  fine  lines  of  excess  cementite.  The  average  thickness  of  this 
zone  is  0.060  nun.  Inside  the  zone  of  excess  cementite  comes  one  of 
eutectic,  about  0.150  mm.  thick,  followed  by  a  gradation  zone  0.225  mm. 
thick,  in  which  the  pearlite  exists  as  large  islands  surrounded  by  tine 
lines  of  ferrite,  growing  more  numerous  toward  the  interior,  until  the 
normal  core  structure  of  small  islands  of  pearlite  surrounded  by  ferrite  is 
obtained.  The  pearlite  in  the  core  has  gathered  into  larger  islands  than 
in  the  specimen  treated  at  1300  deg.  fahr.  The  nitride  needles  are  present 
inside  the  eutectic  zone,  but  are  not  so  numerous  as  in  the  last  specimen. 
The  same  is  true  of  the  bands  of  pure  ferrite  containing  nitride  needles 
which  penetrate  the  carbonized  zone. 

66  Magnification  JfOO  Diameters.  At  this  magnification  the  pearlite 
throughout  the  entire  carbonized  zone  is  resolved  into  a  beautifully  lamel- 
lar structure.  As  before,  we  have  an  outer  zone  of  pearlite  with  excess 
cementite,  showing  in  places  around  the  circumference  small  spots  of 
pure  cementite  on  the  outer  rim.  The  average  thickness  of  this  zone 
is  0.090  mm.     The  eutectic  zone  inside  the  zone  of  excess  cementite  is 
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approximately  0.120  mm.  thick.     TJie  gradatiuu  zone  is  0.1875  mm.  tliick. 
giving  a  total  penetration  of  carbon  of  0.3975  mm. 

TEST   PIECE   C.\SE    CARBONIZED   AT    1500   DEG.    PAHR.,    ETCHED    IN   5    PER 
CENT  PICRIC  ACID   KOR   30   SECONDS 

67  Magmfivution  100  Diameters.  Under  this  magnification  the  effect 
of  carbonizing  is  noticed  in  a  deeper  zone  of  eutectic,  but  not  in  a  much 
greater  excess  of  cementite  in  the  outer  portions  of  the  carbonized  zone 
than  was  observed  in  the  specimen  treated  at  1400  deg.  fahr.  On  the 
extreme  outer  edge  of  the  specimen  we  see  a  thin  black  rim  about  0.023 
mm.  thick,  of  unresolvable  material.  Inside  this  rim  we  see  progressively 
a  zone  of  pearlite  with  excess  cementite,  showing  slight  crystalline  out- 
lines in  places,  about  0.1275  mm.  thick.  Next  comes  the  eutectic  zone, 
0.240  mm.  thick,  giving  a  total  penetration  of  carbon  of  0.390  mm.  This 
gradation  zone  varied  from  large  islands  of  pearlite  surrounded  by  line:? 
of  ferrite,  to  smaller  islands  of  pearlite,  surrounded  by  masses  of  ferrite. 
The  pearlite  on  the  interior  seems  to  be  in  larger  areas  than  in  the  last 
section  surrounded  by  ferrite.  No  bands  of  ferrite,  such  as  supposedly 
contained  nitrides  in  the  last  specimens  are  visible  here.  Neither  are 
any  nitrides  visible  inside  the  eutectic  zone. 

68  Magnification  JfOO  Diameters.  At  this  magnification  the  pearlite 
in  the  carbonized  zone  is  resolvable  into  a  beautiful  lamellar  structm-e, 
while  that  in  the  core  is  mostly  unresolvable  in  islands  surrounded  by 
ferrite,  though  some  of  it  appears  faintly  lamellar.  The  outer  zone  of 
pearlite  with  excess  cementite  was  0.150  mm.  thick.  Inside  this  was 
a  zone  of  eutectic  0.150  mm.  thick,  and  then  a  gradation  zone  0.420  mm. 
thick,  giving  a  total  carbon  penetratit)u  of  0.720  mm.  Along  the  inner 
part  of  the  gradation  zone,  we  come  across  a  needle  or  two  as  we  follow 
the  zone  around,  which  might  be  a  nitride,  I)ut  beyond  these  few  solitary 
needles  no  traces,  such  as  the  bauds  cutting  into   the  case,  are  visible. 

TEST   PIECE   CASE   CARBONIZED  AT   1600   DEG.    FAHR.,    ETCHED    IN   5   PER 
CENT  PICRIC  ACID  FOR  20  SECONDS 

69  Magnification  100  Diameters.  The  carbonizing  at  this  temperature 
appears  to  have  increased  the  depth  of  the  carbonized  zone,  but  not  to 
have  formed  a  zone  of  much  greater  percentage  excess  cementite  than  was 
obtained  at  the  last  temperature.  The  thickness  of  the  outer  zone  of 
pearlite  and  excess  cementite  varies  around  the  circumference,  but  aver- 
ages 0.0975  mm.  Inside  this  zone  we  find  a  zone  of  eutectic  averaging 
0.345  mm.  thick,  and  a  zone  of  gradation  averaging  0.300  mm.,  giving  a 
total  penetration  of  carbon  of  0.7498  mm. 

70  Magnification  J/00  Diameters.  The  pearlite  is  distinctly  lamellar 
at  this  magnification,  both  in  the  carbonized  zone,  and  in  smaller  lamina- 
tions in  the  interior.  The  zone  of  excess  cementite  varies  in  thickness, 
but  averages  0.135  mm.  Inside  this  zone  comes  one  of  eutectic  approxi- 
mately 0.210  mm.  thick,  very  irregular  in  depth,  and  then  a  gradation 
zone  averaging  0.450  mm.,  giving  a  total  penetration  of  carbon  of  0.795  mm. 
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TEST   PIECE   CASE   CARBONIZED   AT    1700   DEG.    FAHR.,    ETCHED    IN    5    PER 
CENT  PICRIC  ACID  FOR  20  SECONDS 

71  Magnification  100  Diameters.  In  this  specimen  we  got  botli  a  deeper 
penetration  of  carbon  than  in  the  last  specimen,  and  a  thicker  zone  of 
excess  cementite.  The  zone  of  pearlite  with  excess  cementite  was  verj' 
irregular  in  depth,  but  averaged  0.390  mm.  In  tins  zone  we  see  a  few 
long  cementite  needles  within  the  pearlite  of  varying  length  and  direction, 
but  all  of  them  in  straight  lines.  Inside  of  this  zone  comes  one  of 
eutectic  approximately  0.300  mm.  thick,  then  a  gradation  zone  of  about 
1.0725  mm.,  giving  a  total  carbon  penetration  of  1.7625  mm. 

72  Magnification  JfOO  Diameters.  At  this  magnification  the  pearlite  ap- 
pears in  large  laminations  in  the  carbonized  zone  and  in  smaller  lamina- 
tions in  the  interior.  The  outer  zone,  containing  pearlite  with  excess 
cementite.  is  approximately  0.225  mm.  thick ;  inside  of  which  comes  the 
eutectic  zone,  approximately  0.338  mm.  thick,  and  following  this  a  grada- 
tion zone  0.60  mm.  thick.  The  outer  zone  of  pearlite  with  excess  cemen- 
tite contains  a  large  number  of  cementite  needles  scattered  through  it. 
These  needles  are  all  straight  lines  but  point  in  every  direction,  the  largest 
of  them  being  about  0.135  mm.  long,  the  widest  not  over  0.00150  mm. 
wide.  Both  the  excess  cementite  and  the  excess  ferrite  in  their  respective 
zones  follow  more  or  less  the  irregular  crystal  boundaries. 

TEST    PIECE   CASE    CARBONIZED   AT   1800   DEG.    PAHR..    ETCHED    IN   5    PER 
CENT  PICRIC  ACID  FOR  15  SECONDS 

73  Magnification  100  Diameters.  In  this  specimen  the  excess  cementite 
in  the  outer  zone  does  not  appear  so  much  in  the  form  of  crystalline 
boundaries  as  it  did  in  the  preceding  specimen,  but  more  as  irregular 
areas  along  the  outer  portion  of  the  zone.  The  average  thickness  of  this 
zone  is  about  0.1950  mm.  Inside  this  zone  comes  the  zone  of  eutectic. 
averaging  approximately  0.585  mm.,  followed  by  a  gradation  zone  averag- 
ing 0.975  mm.,  giving  a  total  penetration  of  carbon  of  1.755  mm.  As 
before,  the  ferrite  in  the  gradation  zone  appears  in  the  form  of  outlines 
of  crystals. 

74  Magnification  400  Diameters.  In  this  specimen  the  pearlite  is  beauti- 
fully lamellar  in  the  carbonized  zone  and  lamellar  to  a  slight 
extent  in  the  interior.  On  account  of  the  great  irregularity 
in  the  depth  of  penetration  in  the  excess  cementite  in  the  outer 
zone,  it  is  diflficult  at  this  magnification  to  obtain  an  average  depth. 
The  quantity  of  cementite  needles  within  the  pearlite  grains  has  increased. 
The  following  figures  are  approximate :  For  the  zone  of  excess  cementite 
the  depth  is  0.293  mm.  The  depth  of  the  eutectic  zone  is  0.450  mm.  and 
that  of  the  gradation  zone  0.90  mm.,  giving  a  total  penetration  of  carbon 
of  1.64  mm. 
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MICROSCOPIC    INVESTIGATION    OF    CASE-CARBONIZED    NICKEJ. 

STEELS 

TEST   PIECE   CASE   CARBONIZED   AT   1300   DEG.    FAHR.,    ETCHED    IN    5   PER 
CENT  PICRIC  ACID  FOR  40  SECONDS 

75  Magnification  100  Diameters.  At  this  magnifioation  this  specimen 
shows  only  a  slight  carbonization  on  the  outside,  apparently  not  even 
reaching  the  eutectic.  In  places  around  the  circumference  bands  of  darker 
material,  looking  like  eutectic,  extend  quite  a  little  distance  into  the 
section,  very  similar  in  appearance  to  the  bands  containing  nitrides  noticed 
in  the  open-liearth  series.  These  bands  occur  only  in  two  or  three  places. 
The  interior  of  the  section  consists  of  finely  divided  pearlite  with  excess 
ferrite.  Since  the  effect  of  carbonization  is  slight,  it  is  difficult  to  tell 
where  the  carbonized  zone  ends  and  the  normal  interior  structure  begins, 
but  an  approximate  figure  of  0.045  mm.  thickness  gives  a  general  idea 
of  the  depth  of  penetration  of  the  carbon. 

7G  Magnification  J/OO  Diameters.  On  the  flat  outer  rim  of  this  section 
appears  to  be  a  little  pure  ferrite,  but  this  is  a  very  thin  rim,  so  that 
a  needle  test  does  not  distinguish  it  from  cementite.  The  pearlite  in  the 
carbonized  zone  is  not  resolvable  at  this  power.  The  average  depth  of 
the  carbonized  zone  is  0.180  mm.  and  no  eutectic  is  present. 

TEST   PIECE   CASE   CARBONIZED   AT   1400   DEG.    BWHR.,    ETCHED    IN   5    PER 
CENT  PICRIC  ACID  FOR  40  SECONDS 

77  Magnification  100  Diameters.  The  outer  zone  at  this  magnification 
appears  to  be  of  eutectic  composition  and  an  average  thickness  of  0.195 
mm.,  inside  of  which  comes  a  gradation  zone  approximately  0.390  mm.  thick. 
The  pearlite  in  the  interior  has  gathered  together  slightly  more  than  in 
the  last  specimen,  and  as  before,  is  surrounded  by  ferrite.  In  this  speci- 
men we  see  ferrite  bands  at  different  places  around  the  circumference 
penetrating  the  outer  zone,  which  look  almost  the  same  as  those  found 
in  the  open-hearth  series,  especially  in  the  specimen  treated  at  this  tem- 
perature, which  contains  nitrides. 

78  Magnification  ffOO  Diameters.  The  pearlite  in  the  carbonized  zone 
is  faintly  resolvable  into  the  lamellar  condition  at  this  magnification. 
The  highest  carbon  appears  to  be  eutectic  in  a  zone  at  the  outside  of 
the  piece  approximately  0.203  mm.  thiclv.  In  one  or  two  places  there 
appear  to  be  a  slight  excess  of  ferrite  on  the  very  outside,  but  this  may 
be  due  to  the  rounding  of  the  edges.  The  bands  already  mentioned, 
which  penetrated  the  carbonized  zone,  are  ferrite  containing  either  nitrides 
or  pearlite.  At  this  power  no  needles  which  definitely  resemble  the  nitrides 
are  visible. 

TEST   PIECE   CASE    CARBONIZED  AT   1500   DEG.    FAHR.,   ETCHED   IN   5    PER 
CENT  PICRIC  ACID  FOR  20  SECONDS 

79  Magnification  100  Diameters.  In  this  specimen  we  get  an  irregular 
carbonized  zone  apparently  not  going  beyond  the  eutectic  in  carbon  con- 
tent on  the  outside.  The  zone  of  eutectic,  however,  is  much  thicker  than 
in  the  last  specimen.     The  liands,  which  penetrated  the  carlwnized  zone 
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in  the  last  specimen  are  here  present  in  about  the  same  number.  The 
approximate  thickness  of  the  eutectie  zone  is  0.338  mm.  The  gradation 
zone  is  0.585  mm.,  giving  a  total  carbon  penetration  of  0.923  mm. 

SO  Magnification  JfOO  Diameters.  At  this  power  we  see  an  outer  zone 
of  eutectie  approximately  0.278  mm.  and  a  gradation  zone  of  0.510  mm. 
The  total  penetration  of  carbon  is  approximately  0.7SS  mm.  The  pearlite 
on  the  interior  is  just  discernible  as  lamellar  at  this  magnification  and 
that  in  the  carbonized  zone  is  a  little  more  easily  recognized  and  also 
lamellar.  The  bands  penetrating  the  eutectie  on  the  outside  appear  to 
consist  of  pure  ferrite  with  dark  dots  and  smaller  irregular  lines  scattered 
throughout. 

TEST   PIECE   CASE   CARBONIZED   AT   1600   DEG.    PAHR.,    ETCHED   IN    5    PER 
CENT  PICRIC  ACID  FOR  1.5  SECONDS 

81  Magnification  100  Diameters.  At  this  magnification  tliere  is  little, 
if  any,  excess  cementite  in  the  outer  zone  of  carbonization.  There  is, 
however,  a  thick  zone  of  eutectie  and  inside  this  a  zone  of  decreasing 
carbon.  Also,  in  one  or  two  places  around  the  circumference  we  see  the 
penetration  bands  which  have  been  discussed  in  the  last  two  or  three 
specimens.  The  average  thickness  of  the  eutectie  is  0.390  mm.  That  of 
the  gradation  zone  is  0.6S3  mm.  The  total  penetration  of  carbon  is 
1.073  mm. 

82  Magnification  4OO  Diameters.  At  this  magnification  there  appears  to 
be  a  little  excess  cementite  on  the  outer  edge  of  the  eutectie  zone  in  places. 
This  cementite  appears  in  very  fine  lines  like  outlines  of  ferrite  crystals. 
Since  the  cementite  penetrates  to  varying  depths  and  is  present  only  in  a 
small  amount,  we  will  consider  the  zone  of  eutectie  as  running  out  to  the 
edge  of  the  specimen  and  give  for  an  average  thickness  of  eutectie  0.33S 
mm.,  inside  of  which  comes  a  gradation  zone  approximately  0.563  mm.  The 
total  penetration  of  carbon  is  0.901  mm.  The  pearlite  in  the  carbonized 
zone  is  resolvable  in  places  into  laminations.  The  maximum  penetration 
of  the  excess  cementite  is  about  0.180  mm. 

TEST   PIECE   C.\SE   CARBONIZED   AT   1700   DEG.    PAHR.,    ETCHED    IN   5    PER 
CENT  PICRIC  ACID  FOR  15  SECONDS 

83  Magnification  100  Diameters.  In  this  specimen  the  outer  zone,  con- 
taining pearlite  with  excess  cementite,  shows  the  needles  of  cementite 
scattered  through  it  pretty  freely,  and  as  lines  in  the  form  of  crystalline 
division.  The  whole  outer  zone,  with  the  exception  of  the  cementite 
needles  and  a  few  small  white  spots  of  cementite,  appears  to  be  pearlite. 
The  thickness  of  this  zone  is  0.760  mm.  Inside  of  this  comes  a  gradation 
zone  approximately  0.975  mm.  The  total  penetration  of  carbon  is  1.755 
mm.  No  bands  such  as  were  seen  in  the  last  specimens  and  which  pene- 
trated the  carbonized  zone  appear  here,  except  in  one  spot  where  there  is  a 
slight  penetration,  the  material  looking  like  cementite. 

84  Magnification  ^00  Diameters.  At  this  power  the  zone  of  e.xcess 
cementite  containing  needles  of  cementite  is  readily  distinguished,  and 
though  varying  in  depth  is  approximately  0.473  mm.  thick,  inside  of  which 
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comes  a  zone  of  euteetic-  about  0.220  mm.  thick.  Inside  of  this  is  a  grada- 
tion zone  0.075  mm.  thick.  The  total  penetration  of  carbon  is  1.373  mm. 
The  two  bands  of  cementite  already  mentioned  look  like  those  described 
under  the  last  specimen  and  may  contain  either  this  peculiar  form  of 
pearl ite  or  nitrides. 

TEST   PIECE   CASE   CARBONIZED   AT   1800   DBG.    FAHR.,    ETCHED    IN   5    PER 
CENT  PICRIC  ACID  FOR  15  SECONDS 

85  Magmfication  100  Diameters.  This  specimen  shows  a  greater  pene- 
tration of  the  excess  cementite  than  the  last  one,  but  the  cementite  appears 
in  the  form  of  irregular  globules  rather  than  as  crystalline  boundaries, 
in  which  form  it  appeared  in  the  open-hearth  series.  The  average  depth  of 
the  zone  of  excess  cementite  is  0.293  mm.  inside  of  which  is  the  eutectic 
zone  approximately  0.488  mm.  thick,  and  inside  of  which  a  zone  of  de- 
creasing carbon  content  approximately  1.28  mm.  The  total  penetration  of 
carbon  is  2.0til  mm.  The  bands  penetrating  the  crystalline  zone  which 
appear  in  the  last  specimens  are  not  present. 

8(5  Magnitication  J/OO  Diatticters.  At  this  magnification  the  excess 
cementite  in  the  outer  zone  is  easily  seen  and  appears  principally  as 
globules  and  finer  lines,  though  only  a  few  needles  are  present.  The  thick- 
ness of  this  zone  is  approximately  0.450  mm.,  inside  of  which  comes  a 
zone  of  eutectic  approximately  0.428  mm.  followed  by  a  zone  of  decreasing 
carbon  0.15  mm.,  giving  a  total  carbon  penetration  of  2.002  mm.  The 
pearlite  in  the  carbonized  zone  is  only  slightly  resolvable  at  this  magnifica- 
tion into  lamellar  pearlite.  That  on  the  interior  is  not  resolvable  at  this 
power  and  may  be  troostitic. 

MICROSCOPIC    INVESTIGATION    OF    CHROME    VANADIUM    STEEL 

TEST   PIECE   CASE   CARBONIZED  AT   1300   DBG.    FAHR.,    ETCHED   IN   5   PER 
CENT  PICRIC  ACID  FOR  45   SECONDS 

87  Magnificatimi  100  Diameters.  On  the  outside  of  this  specimen  is 
a  black  etching  zone,  uuresolvable  at  this  power,  but  probably  eutectic  pear- 
lite, about  0.03  mm.  thick,  inside  of  which  is  a  gradation  zone  0.075  mm. 
thick.  Inside  these  two  zones  is  a  black  etching  zone  approximately  0.0G75 
mm.  thick,  which  appears  to  be  pearlite  gathered  together  more  or  less  in 
areas  surrounded  by  lines  of  ferrite.  The  thicknesses  of  these  individual 
zones  varied  but  the  carbon  penetration  was  pretty  and  averaged  0.1725  mm. 

88  Magnification  ^00  Diameters.  On  the  outside  there  is  a  zone  of 
pearlite  containing  small  white  globules  that  are  probably  cementite,  though 
they  are  too  small  to  apply  the  needle  test,  to  distinguish  them  from  ferrite. 
In  places  there  is  a  very  thin  outer  rim  of  cementite  which  confirms  the 
above  statement  regarding  the  white  globules.  Inside  this  is  a  zone  of 
very  dark  etching,  faintly  resolvable  lamellar  eutectic  pearlite,  approxi- 
mately 0.03  mm.  thick,  inside  of  which  is  a  gradation  zone  about  0.01575 
mm.  thick.  This  zone  is  difficult  to  measure  since  the  carbon  content 
grades  off  very  slowly. 
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TEST   PIECE   CASE   CARBONIZED   AT   1400   DEG.    PAHR.,    ETCHED    IN   5   PER 
CENT  PICRIC  ACID  FOR  30  SECONDS 

89  Magniflcatiu)i  100  Diameters.  On  the  outside  there  is  a  thick  zone  or 
eutectic  showing  possibly  a  slight  excess  cementite  in  fine  lines  on  the 
outer  edge  in  some  places,  the  average  thickness  of  the  zone  being  about 
0.15  mm.  Inside  of  this  zone  is  a  gradation  zone  approximately  0.2475 
mm.  thick.  As  in  the  last  specimen  the  decrease  in  carl)on  content  is  very 
gradual,  making  this  zone  difficult  to  measure.  Total  penetration  of  car- 
bon is  0.03975  mm. 

90  Maynification  400  Diameters.  Here  we  see  on  the  outside  a  thin 
rim  about  0.0090  mm.  thick  of  pearlite  in  excess  cementite,  uiside  of  which 
ct)mes  a  eutectic  zone  about  0.135  mm.  thick,  and  then  a  gradation  zone 
about  0.300  nmi.  thick,  giving  a  carbon  penetration  of  0.444  mm. 

TEST    PIECE   CASE   CARBONIZED  AT   1500   DEG.    FAHR.,    ETCHED   IN   5    PER 
CENT  PICRIC  ACID  FOR  20  SECONDS 

91  Maynification  100  Dianneters.  This  specimen  shows  on  the  outside 
a  definite  zone  of  pearlite  with  excess  cementite  about  0.0525  mm.  thick, 
inside  of  which  is  a  eutectic  zone  about  0.4875  mm.  and  then  a  gradation 
zone  of  0.195  mm.  thick.     Total  penetration  of  carbon  is  0.735  mm. 

92  Maynification  400  Diameters.  At  this  magnification  there  is  a  zone 
of  pearlite  with  large  excess  cementite.  This  zone  is  about  0.06  mm.  thick, 
inside  it  is  a  zone  of  pearlite,  with  just  a  little  excess  cementite,  in  small 
polygonal  outlines,  the  average  thickness  of  the  zone  being  about  0.225  mm. 
thick,  and  then  a  eutectic  zone  about  0.180  mm.  thick,  followed  by  a 
gradation  zone  approximately  0.3375  mm.  thick.  The  pearlite  is  not  re- 
solvable either  in  the  carbonized  zone  or  in  the  core.  Total  penetration  of 
carbon  is  0.8025  mm. 

TEST   PIECE    CASE   CARBONIZED   AT   1600   DEG.   FAHR..   ETCHED   IN   5   PER 
CENT  PICRIC  ACID  FOR  150  SECONDS 

93  Maynification  100  Diameters.  Here  we  see  a  zone  of  pearlite  with 
a  large  excess  of  cementite  about  0.0375  mm.,  inside  of  which  is  a  zone  of 
eutectic  about  0.51  mm.  thick,  and  then  a  gradation  zone  0.248  mm.  thick. 
Total  penetration  of  carbon  is  0.795  mm. 

94  Maynification  400  Diameters.  With  this  magnification  we  see  an 
outer  zone  about  0.045  mm.  thick,  consisting  of  cementite  with  pearlite 
in  small  areas  throughout  it.  Then  we  come  to  a  zone  of  pearlite  con- 
taining excess  cementite  in  fine  polygonal  outlines,  this  zone  being  about 
0.1125  mm.  Inside  this  zone  is  a  eutectic  zone  approximately  0.2475  mm. 
thick,  followed  by  a  gradation  zone  approximately  0.2775  mm.  thick,  giving 
a  total  penetration  of  carbon  of  about  0.6825  mm.  The  pearlite  in  the 
carbonized  zone  is  mostly  unresolvable,  though  some  of  it  shows  very  fine 
laminations.     That  on  the  interior  is  resolvable  into  fine  lamellar  pearlite. 

TEST  PIECE   CASE   CARBONIZED   AT   1700   DEG.   FAHR.,    ETCHED   IN  5   PER 
CENT  PICRIC  ACID  FOR  15  SECONDS 

95  Magnification  100  Diameters.  On  the  outside  of  this  specimen  we 
see  a  sharply  defined  zone  of  pearlite  with  ea:cess  cementite  approximately 
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0.0U7  mm,  thick.  Next  comes  a  zone  of  eutectic  about  0.8755  mm.  thick, 
followed  by  a  gradation  zone  about  0.4875  mm.  thick.  Total  penetration 
of  carbon  is  1.430  mm. 

90  Maynification  ^00  Diameters.  Here,  as  in  the  last  specimen,  we  get 
a  sharply  defined  zone  of  cementite  with  small  areas  of  pearlite  scattered 
through  it,  apparently  a  little  more  pearlite  than  half  and  half,  this  zone 
being  about  0.105  mm.  thick.  Inside  this  is  a  zone  about  0.3G0  mm.  thick, 
which  contains  pearlite  surrounded  by  thin  lines  of  cementite  in  polygonal 
outlines.  Then  comes  the  eutectic  zone  about  0.405  mm.  thick,  followed 
by  a  zone  of  gradation  approximately  0.45  mm.  thick.  The  carbon  con- 
tent in  the  latter  changes  very  slowly  so  that  the  zone  is  difficult  to 
measure.    Total  penetration  of  carbon  is  1.320  mm. 

TEST   PIECE   CASE   CARBONIZED   AT   1800   DEG.    FAHR.,    ETCHED    IN   5    PER 
CENT  riCIUC  ACID  FOR  15  SECONDS 

97  Magnification  100  Diameters.  This  specimen  shows  a  zone  on  the 
ourside  of  pearlite  surrounded  by  flue  lines  of  cementite,  this  zone  being 
about  0.15  mm.  thick.  There  comes  a  zone  of  eutectic  approximately  0.975 
mm.  thick,  followed  by  a  gradation  zone  approximately  0.795  mm.  thick, 
giving  a  total  carbon  penetration  of  1.92  mm.  In  various  places  throughout 
the  carbonized  zone  appear  irregularly  shaped  areas  not  over  0.675  mm. 
approximately,  or  their  longest  dimension,  which  are  unresolvable  at  this 
power. 

98  Magnification  ^00  Diameters.  At  this  magnification,  we  see  a  wide 
zone,  about  0.3375  mm.  thick,  containing  pearlite  with  excess  cementite  in 
fine  lines  showing  polygonal  figures,  like  boundaries  between  ferrite 
crystals.  Inside  this  comes  a  zone  of  eutectic  0.5625  thick,  followed  by 
a  gradation  zone  0.675  mm.  thick,  giving  a  total  penetration  of  carbon  of 
1.575  mm.  The  white  spots  above  noticed  were  shown  to  be  cementite 
by  scratching  with  a  needle.  In  some  places  there  are  little  white  spots 
containing  fine  brown  lines  possibly  looking  like  lamellar  pearlite,  in 
which  the  ferrite  layer  is  very  thin,  much  thinner  than  the  cementite, 
in  some  cases  only  one-seventh  to  one-tenth  as  wide.  This  structure  has 
been  noticed  in  nearly  all  the  areas  containing  excess  cementite. 
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EFFICIENCY   OF   CASE-CARBONIZING   MATERIALS 
CASE-CARBONIZING  MATERIAL  NO.   1 

Etched  in  2.5  Per  Cent   Picric  Acid  for  45  Minutes 

99  Run  No.  1,  Bar  No.  1.  On  the  outside  of  this  specimen  is  a  uniform 
zone  0.455  mm.  thicli  of  pearlite  containing  lines  of  excess  cementite ;  in- 
side is  a  zone  of  eutectic  pearlite  0.455  mm.  thick,  followed  by  a  grada- 
tion zone  0.650  mm.  thick,  inside  of  which  comes  the  normal  structure  of 
about  0.20  per  cent  carbon  steel  consisting  of  ferrite  containing  small 
islands  of  pearlite.  The  pearlite  throughout  the  section  is  lamellar.  Total 
penetration  of  carbon  is  1.560  mm. 

100  Run  No.  2,  Bar  No.  7.  This  specimen  shows  the  outer  zone  of 
eutectic  pearlite  0.715  nun.  thick,  inside  of  which  comes  a  gradation  zone 
1.001  mm.  thick,  followed  by  the  normal  interior  of  ferrite  containing 
islands  of  pearlite.  The  pearlite  throughout  the  section  is  lamellar.  Total 
penetration  of  carbon  is  1.716  mm. 

Etched  in  2.5   Per  Cent   Picric   Acid  for  30   Seconds 

101  Run  No.  8,  Bar  No.  13.  This  specimen  shows  an  outer  zone  of 
eutectic  0.35S  mm.  thick,  inside  of  which  is  a  gradation  zone  1.138  mm. 
thick,  surrounding  the  normal  low  carbon  interior  structure.  Total  pene- 
tration of  carbon  is  1.496  nmi. 

Etched  in  2.5  Per  Cent  Picric  Acid  for  60   Seconds 

102  Run  No.  1,  Bar  No.  2.  This  specimen  shows  an  outer  zone  of 
lamellar  pearlite  containing  lines  of  excess  cementite,  the  zone  being  0.450 
mm.  thick.  Inside  this  zone  comes  a  zone  of  eutectic  0.650  mm.  thick, 
followed  by  a  gradation  zone  0.74S  mm.  thick,  giving  a  total  penetration 
of  carbon  of  1.848  mm.  Inside  these  zones  is  the  normal  low  carbon 
structure. 

103  Run  No.  2,  Bar  No.  8.  On  the  outside  of  this  specimen  is  a  zone 
of  eutectic  0.650  mm.  thick,  inside  of  which  comes  a  gradation  zone  1.073 
mm.  giving  a  total  penetration  of  carbon  of  1.723  mm.  The  outer  zone 
contains  numerous  small  white  areas,  probably  of  ferrite,  but  too  small  to 
scratch  with  a  needle. 

Etched  in  2.5   Per  Cent   Picric   Acid  for  70   Seconds 

104  Run  No.  3,  Bar  No.  14.  In  this  specimen  the  ferrite  penetrates 
to  the  very  edge  in  many  places  around  the  circumference  and  the  effect 
of  the  carbonizing  has  been  simply  to  raise  the  carbon  content  of  the 
outer  portion,  forming  a  zone  of  decreasing  carbon  about  0.975  mm.  thick. 

2065 
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CASK-CAKBOMZlxNG  MATERIAL  NO.  3 
EXCHKl)    IN     2.5     PeK     ("EXT     I'lCKlC     ACID    FOK    45     SECONDS 

105  li'iin  No.  1,  Bar  So.  3.  Outer  zone  of  eutectic  is  0.52U  mm.  thick  ; 
iuside  tliiis  is  a  zone  ol  graduLiou  1.235  mm.  thick,  giving  a  total  penetra- 
tion of  carbon  of  1.755  mm.  The  outer  zone  contains  small  white  spots 
looking  like  ferrite,  but  too  small  to  scratch. 

10()  Run  No.  2,  Bur  No.  9.  On  the  outside  a  rather  irregular  zone  of 
eutectic  approximately  U.520  mm.  thick,  inside  of  which  is  a  gradation 
zone  1.800  mm.  giving  a  total  penetration  of  carbon  of  1.S20  mm.  thick. 
The  outer  zone  of  eutectic  contains  here  and  there  small  islands  probably 
of  ferrite.  too  small  to  scratch  with   the  needle. 

ExciiEU   IN    2.5   Per   Cent   Picric   Acid   for  GO   Seconds 

107  h'tiii  No.  3,  Bur  No.  l.j.  Outer  zone  of  eutectic  in  places,  but  pene- 
trated quite  often  along  the  circumference  by  ferrite  bands  so  that  it  is 
questionable  whether  even  the  very  outside  has  reached  the  carbon  con- 
tent of  the  eutectic.  From  the  outside  the  carbon  content  decreases  to  that 
of  the  normal  low  carbon  interior,  this  gradation  zone  being  0.325  mm. 
thick,  which  is  the  total  penetration  of  carbon. 

CASE-CARBONIZING  MATERIAL  NO.   1 

Etched  in   2.5   Per   Cent   1'icric   Acid   for  00   Seconds 

108  Run  No.  1,  Bar  No.  4-  On  the  outside  of  this  specimen  is  a  zone 
of  eutectic  0.975  mm.  thick,  inside  of  which  is  a  gradation  zone  1.300  mm. 
thick,  giving  a  total  penetration  of  carbon  of  2.275  mm.  In  places  along 
the  outer  zone  there  are  small  islands  of  white  material,  either  cementite 
or  ferrite  too  small  to  scratch  with  the  needle  and  containing  very  fine 
lines  of  pearlite  in  lamellatiOn.     - 

Etched  in  2.5  Per  Cent  Picric  Acid  for  50  Seconds 

109  Run  No.  2,  Bar  No.  10.  On  the  outside  is  a  zone  of  eutectic  ap- 
proximately 0.878  mm.  thick,  inside  of  which  comes  a  zone  of  gradation 
0.075  mm.  thick,  giving  a  total  penetration  of  1.853  mm.  As  in  the  other 
specimens  there  are  small  spots  of  white  material  scattered  through  the 
outer  zone. 

110  Ru7i  No.  S,  Bar  No.  J6.  On  the  outside  is  a  zone  of  eutectic  ap- 
proximately 0.455  mm.  thick,  quite  irregular  and  in  places  having  ferrite 
penetrating  it  to  the  edge  of  the  specimen.  Inside  of  this  zone  comes 
one  of  decreasing  carbon  0.975  mm.  thick,  giving  a  total  penetration  of 
carbon  of  1.43  mm. 

CASE-CAKBONIZING   MATERIAL  NO.   5 
Etched   in   2.5   Per  Cent   Picric   Acid   for  (50   Seconds 

111  Run  No.  1,  Bar  No.  5.  On  the  outside  of  this  specimen  is  a  zone 
of  lamellar  pearlite  containing  lines  of  excess  cementite  in  polygonal  out- 
line as  usual,  this  zone  being  about  0.780  mm.  thick;  inside  comes  the 
eutectric  zone  0.520  mm.  thick,  followed  by  a  zone  of  gradation  0.975 
mm.  thick,  giving  a  total  penetration  of  carbon  of  2.275  mm. 
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112  Run  No.  2,  Bar  Ao.  U.  Ou  the  outside  Is  ii  euteotlc  zone  approxi- 
mately 0.7S0  mm.  thick  but  quite  irregular  lu  depth.  Then  comes  a 
gradation  zone  O.'JTG  mm.  thick,  giving  a  total  penetration  of  carbon  of 
1.755  mm.  As  usual  in  the  outside  zone  are  small  white  spots  of  ferrite 
or  cemeutite  too  small  to  scratch  with  the  needle. 

113  Run  No.  3  Bar  No.  IT.  In  this  specimen  is  an  outer  zone  of 
eutectic  0.225  mm.  thick,  containing  several  white  spots  of  ferrite,  inside 
(if  which  comes  a  gradation  zone  of  1.300  mm.  thick,  giving  a  total  pene- 
tration of  carbon  of  1.525  mm. 

case-cakbonizixg  material  no.  6 
Etched  in  2.5  Per  Cent  Picric  Acid  for  55  Seconds 

114  Run  No.  1,  Bar  No.  6.  This  carlionizing  compoimd  did  not  even 
bring  the  outer  skin  of  the  metal  up  to  eutectic  but  carbonized  the  out- 
side slightly  to  a  dci)th  of  1.235  mm.,  which  is  the  total  penetration  of 
carbon. 

Etched  in   2.5   Per  Cent   Picric   Acid  for  00   Seconds 

115  Ruti  No.  2,  Bar  No.  12.  This  specimen  shows  an  outer  zone  of 
increased  carbon  content  not  as  high  as  eutectic,  the  zone  being  0.975  mm. 
thick,  which  is  the  total  penetiiation  of  carbon. 

116  Run  No.  3,  Bar  No.  18.  On  the  outside  of  this  specimen  is  a  zone 
of  increased  carbon  content  not  as  high  as  eutectic,  O.OiO  mm.  thick. 

CASE-CAIiBONIZING  MATERIAL  NO.  7 
Etched  in  2.5  I'er  Cent  Picric  Acid  for  55  Seconds 

117  Run  No.  1,  Bar  No.  19.  On  the  outside  of  this  specimen  is  a  zone 
of  lamellar  pearlite  containing  lines  of  excess  cementite  more  or  less  in 
jiolygons,  the  depth  of  the  zone  being  0.325  mm.  thick,  inside  this  comes 
a  eutectic  zone  0.520  mm.  thick,  and  inside  this  a  gradation  zone  0.975 
mm.  thick,  giving  a  total  penetration  of  carbon  of  1.920  mm. 

Etched  in  2.5  Per  Cent  Picric  Acid  for  50   Seconds 

118  Rtm  No.  2,  Bur  No.  25.  On  the  outside  is  a  zone  of  eutectic  ap- 
proximately 2.60  mm.  thick,  containing  small  spots  of  white  material 
probably  ferrite  in  one  or  two  places ;  inside  comes  a  gradation  zone  1.300 
mm.  thick,  giving  a  total  penetration  of  carbon  of  1.560  mm. 

Etched  in  2.5   Per  Cent  Picric  Acid  fob  60   Seconds 

119  Run  No.  3,  Bar  No.  31.  On  the  outside  is  a  zone  of  eutectic  ajiproxi- 
mately  0.715  mm.  thick,  containing  a  little  excess  ferrite  in  spots  around 
it,  in  some  places  the  ferrite  extending  almost  to  the  edge.  Inside  of 
this  comes  a  gradation  zone  1.170  mm.  thick,  giving  a  total  penetration 
of  carbon  of  1.995  mm. 

CASE-CARBONIZING  MATERIAL  NO.   8 
Etched  in  2.5  Per  Cent  Picric  Acid  for  50  Seconds 

120  Run  No.  1.  Ban-  No.  20.  This  specimen  shows  an  outer  zone  of  la- 
mellar pearlite  containing  polygonal   Hues  of  excess   cementite,   the  zone 
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being  approximately  0.455  mm.  tliick ;  Inside  comes  a  eutectic  zone  0.520 
mm.  thick  and  a  gradation  zone  0.975  mm.  thick,  giving  a  total  penetra- 
tion of  carbon  of  1.950  mm. 

121  Run  No.  2,  Bar  No.  26.  On  the  outside  is  a  zone  of  lamellar  pearl- 
ite  containing  fine  lines  of  excess  cenientite  following  the  boundaries  of 
the  ferrite  crystals  as  usual,  the  thickness  of  the  zone  averaging  0..325  mm. ; 
inside  is  a  zone  of  eutectic  0.715  mm.  thick,  followed  by  a  gradation  zone 
0.910  mm.  thick,  giving  a  total  penetration  of  carbon  of  1.950  mm. 

Etched  in  2.5  Per  Cent  Picric  Acid  for  55  Seconds 

122  Run  No.  3,  Bar  No.  32.  On  the  outside  is  a  zone  of  lamellar 
pearlite  containing  a  little  excess  cementite  in  very  fine  lines  following 
the  boundaries  of  the  ferrite  crystals.  The  thickuess  of  this  zone  is 
0.195  nun.  Inside  of  this  comes  a  eutectic  zone  0.650  mm.  thick,  followed 
by  a  gradation  zone  0.(j50  mm.  thick,  giving  a  total  penetration  of  carbon 
of  1.495  mm. 

CASE  CARBONIZING  MATERIAL  NO.   9 
Etched  in   2.5   Per   Cent   Picric   Acid   for  45    Seconds 

123  Run  No.  1,  Bar  No.  21.  On  tlie  outside  of  this  specimen  is  a  zone 
1.235  mm.  thick  of  lamellar  pearlite  containing  lines  of  excess  cementite 
in  rather  thick  lines  around  the  ferrite  crystals  and  showing  small  cement- 
ite needles  in  places,  which  appear  to  branch  off  from  the  main  crystaline 
boundaries.  Inside  comes  a  eutectic  zone  0.423  mm.  thick,  followed  by 
a  gradation  zone  0.780  mm.  thick,  giving  a  total  penetration  of  carbon 
of  2.438  mm. 

Etched  in   2.5   Per  Cent   Picric   Acid  for  55    Seconds 

124  Run  No.  2,  Bar  No.  21.  On  the  outside  is  a  zone  1.075  mm.  thick 
of  lamellar  pearlite  containing  lots  of  excess  cementite  in  polygonal  out- 
lines, but  no  cementite  needles  such  as  were  noticed  in  the  last  specimen. 
Inside  this  comes  a  eutectic  zone  0.455  mm.  thick,  followed  by  a  gradation 
zone  0.7S0  mm.  thick,  giving  a  total  penetration  of  carbon  of  2.300  mm. 

Etched  in  2.5  Per  Cent  Picric  Acid  for  50  Seconds 

125  Run  No.  3,  Bar  No.  33.  On  the  outside  is  a  zone  of  lamellar  pearlite 
containing  lines  of  excess  cementite  outlining  the  ferrite  crystals  as  usual, 
the  depth  of  the  zone  being  0.325  mm.  Inside  this  comes  a  zone  of 
eutectic  0.845  mm.,  followed  by  a  gradation  zone  0.975  mm.  thick,  giving 
a  total  penetration  of  carbon  of  2.145  mm. 

CASE-CARBONIZING  MATERIAL  NO.  10 
Etched  in   2.5   Per  Cent   Picric  Acid  for  55   Seconds 

126  Run  No.  1,  Bar  No.  22.  On  the  outside  of  this  specimen  is  a  zone 
of  eutectic  approximately  0.975  nmi.  thick,  containing  spots  here  and  there 
of  white  material  probably  ferrite,  such  as  were  noticed  in  the  other 
specimens.  Inside  comes  a  gradation  zone  1.105  mm.  thick,  giving  a  total 
penetration  of  carbon  of  2.080  mm. 
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Etchkd  in  2.5  Pek  Cent  I'lciuc  Acid  for  50  Seconds 

127  Run  No.  2,  Bar  No.  2S.  Ou  the  outside  is  a  eutectic  zone  rather 
irregular  hi  depth  but  averaging  0.0(J5  mm.,  so  that  the  ferrite  penetrates 
to  the  circumference  in  some  places.  Inside  comes  one  of  decreasing  carbon 
1,170  mm.  thick,  giving  a  total  penetration  of  carbon  of  1.235  mm. 

Etched  in  2.5   Feb  Cent  Picric  Acid  fob  15   Seconds 

12S  Run  No.  3,  Bar  No.  3^.  On  the  outside  is  a  rim  of  pure  ferrite 
0.005  mm.,  inside  of  which  is  a  carbonized  zone  in  which  the  carbon  con- 
tent decreases  to  that  of  the  interior.  This  zone  is  0.910  mm.  thick,  giving 
a  total  penetration  of  carbon  of  0.975. 

CASE-CARBONIZING  MATERIAL  NO.  11 
Etched  in  2.5   Per  Cent    Picric   Acid  fob  55   Seconds 

129  Run  No.  1,  Bar  No.  23.  On  the  outside  of  this  specimen  is  a 
zone  of  eutectic  varying  in  depth,  in  some  places  almost  reaching  the 
edge,  but  of  an  average  depth  of  0.195  mm.  Inside  of  this  comes  a  grada- 
tion zone  1.300  mm.  thick,  giving  a  total  penetration  of  carbon  of  1.495  mm. 

130  Run  No.  2,  Bar  No.  29.  This  specimen  was  not  carbonized  up  to 
the  eutectic  even  on  the  outside,  so  that  there  is  simply  a  zone  of  de- 
creasing carbon  content  approximately  1.658  mm.,  wliicli  is  the  total 
penetration  of  carbon. 

Etched  in  2.5  Per  Cent  Picric   Acid  for  50   Seconds 

131  Run  No.  3,  Bar  No.  35.  On  tlie  outside  is  a  thin  rim,  maximum 
tliickness  0.007  mm.,  of  ferrite  not  continuous,  but  present  on  most  of 
the  circumference.  Inside  comes  a  zone  of  gradation  1.2.35  mm.  thiclc. 
giving  a  total  penetration  of  carbon  of  1.242  mm. 

CASE-CARBONIZING  MATERIAL  NO.  12 

Etched  in  2.5  Per  Cent   Picric   Acid  fob  60   Seconds 

132  Run  No.  1,  Bar  No.  24.  On  the  outside  of  this  specimen  is  a 
rather  irregular  zone  0.329  mm.  thick,  of  eutectic  containing  white  specks 
here  and  there  as  noted  in  the  other  specimens.  Inside  comes  one  of 
gradation  1.235  mm.  thick,  giving  a  total  penetration  of  carbon  of  1.574  mm. 

Etched  in  2.5   Per   Cent   Picric   Acid  for  05    Seconds 

133  Run  No.  2,  Bar  No.  30.  On  the  outside  of  this  specimen  we  see  a 
zone  of  eutectic  very  irregular  and  penetrated  now  and  again  by  ferrite 
bands.  The  average  thickness  of  this  zone  is  0.130  mm.  Inside  of  this 
comes  a  gradation  zone  1.560  mm.  thick,  giving  a  total  penetration  of 
carbon  of  1.690  mm. 

134  Run  No.  3,  Bar  No.  36.  On  the  outside  is  a  rim  of  pure  ferrite  in 
some  places,  in  others  this  is  not  present.  The  maximum  thickness  is 
0.007  mm.,  and  inside  this  comes  a  gradation  zone  1.560  mm.  thick,  total- 
ing 1.567  mm. 
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CASE-CARBONIZING  MATERIAL  NO.  13 

Etched  in  2.5  1*ee  Cent   Picbic  Acid  for  55   Seconds 
135     Run  No.  1,  Bar  No.  37.    On  the  outside  of  this  specimen  is  a  zone  of 
lameUar  pearlite  containing  excess  cementite  in  thin  polygonal  outlines. 
The  depth  of  penetration  of  these  outlines  varies,  but  averages  0.325  mm. 
Inside  comes  a  zone  of  eutectic  0.520  mm.  thick,  followed  by  a  gradation 
zone  1.300  mm.,  giving  a  total  penetration  of  carbon  of  2.145  mm. 
Etched  in  2.5  Pee  Cent  Pickic  Acid  for  70  Seconds 
13G    Run  No.  2,  Bar  No.  39.     On  the  outside  is  a  zone  of  eutectic  ap- 
proximately 0.520  mm.  thick,  but  very  irregular,  in  some  cases  the  ferrite 
globules  penetrate  almost  to  the  edge.     Inside  comes  a  gradation  zone  of 
i.170  mm.,  giving  a  total  penetration  of  carbon  of  l.ti90  mm. 

Etched  in  2.5  Per  Cent  Picric  Acid  for  SO  Seconds 

137  Run  No.  3,  Bar  No.  J^l.  On  the  outside  is  a  zone  of  eutectic  averag- 
ing 0.291  mm.,  but  very  irregular  and  containing  spots  of  ferrite  here 
and  there,  penetrated  more  or  less  by  the  ferrite  bands  from  the  interior. 
Inside  comes  a  gradation  zone  of  1.170  mm.  thick,  giving  a  total  penetra- 
tion of  carbon  of  1.463  mm. 

CASE-CARBONIZING  MATERIAL  NO.   14 

Etched  in  2.5   Per  Cent   Picric   Acid  for  55    Seconds 

138  Run  No.  1,  Bar  No.  38.  On  the  outside  of  this  specimen  is  a  zone 
of  lamellar  pearlite  containing  a  great  deal  of  excess  cementite,  both  as 
polygonal  outlines  and  in  a  few  places  as  long  thick  cementite  needles. 
The  depth  of  penetration  of  this  excess  cementite  varies,  but  averages 
1.040  mm.  Inside  comes  a  eutectic  zone  0.339  mm.  thick,  followed  by  a 
gradation  zone  0.650  mm.  thick,  giving  a  total  penetration  of  carbon  of 
2.029  mm. 

139  Run  No.  2,  Bar  No.  40.  On  the  outside  is  an  irregular  zone  of 
lamellar  pearlite  containing  excess  cementite,  both  as  polygonal  outlines 
and  large  needles,  and  averaging  1.300  mm.  thick.  Inside  comes  a  zone 
of  eutectic  0.450  mm.  thick,  followed  by  a  gradation  zone  1.105  mm., 
giving  a  total  penetration  of  carbon  of  2.855  mm. 

140  Run  No.  3,  Bar  No.  42.  Outer  zone  of  lamellar  pearlite  containing 
excess  cementite  averaging  1.170  mm,  both  as  polygonal  outlines  and  as 
needles.  Inside  comes  a  zone  of  eutectic  of  0.845  mm.  thick,  followed 
by  a  gradation  zone  of  1.300  mm.  giving  a  total  penetration  of  carbon 
of  3.315  mm. 
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FOREIGN  REVIEW 

It  is  the  purpose  to  cover  in  the  Foreign  Review  as  wide  a 
range  of  subjects  as  space  permits,  endeavoring  at  tlie  same  time 
to  present  the  salient  points  of  the  articles  abstracted  and  the 
most  valuable  engineering  data  contained  in  them.  The  useful- 
ness of  the  Review  will  be  further  increased  through  arrange- 
ments lately  made  by  the  library  of  the  Engineering  Societies, 
including  that  of  The  American  Society  of  Mechanical  En- 
gineers, to  add  to  the  number  of  publications  in  the  Slavonic 
languages  received  at  the  library.  For  the  mechanical  engineer 
this  is  of  importance  owing  to  the  wide  application  of  the  oil 
engine  in  Russia  which  is  in  this  respect  in  a  position  very  simi- 
lar to  that  of  the  United  States. 

THIS  month's  articles 

Among  this  month's  articles  will  be  found  one  on  the  ther- 
modynamics of  the  gas  turbine  by  Dejmek  abstracted  from  the 
journal  of  the  Bohemian  Society  of  Engineers  and  Architects 
and  one  by  the  designer  of  the  first  large  gas  turbine  in  actual 
operation,  engineer  Holzwarth.  With  respect  to  reciprocating 
internal  combustion  engines  attention  is  called  to  the  descrip- 
tion of  the  Sabathe  engine  and  the  accompanying  discussion 
of  the  mixed  combustion  process,  as  well  as  to  the  article  by 
Merigeault  on  the  influence  of  the  speed  of  combustion  on  the 
efficiency  of  a  gas  engine.  Mader's  article  on  the  micro-indicator 
describes  an  apparatus  intended  to  be  used  with  high  speed  small 
internal  combustion  engines  where  an  ordinary  indicator  does 
not  give  satisfactory  results. 

The  experiments  of  Christlein  reported  in  The  Journal  for 
February  1912,  by  showing  how^  comparatively  inexact  has  been 
our  knowledge  of  the  processes  of  flow  of  elastic  fluids  through 
nozzles,  have  attracted  a  good  deal  of  attention  to  this  subject. 
An  article  investigating  the  relation  between  the  velocity  of  flow 
and  the  so-called  acoustic  velocity  by  Zerkowitz  is  to  be  found 
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in  abstract  in  tiiis  niontlis  Keview.  K.  Schultze  describes  a 
iiietlxod  tor  determining  the  steaiii  coiisum|jtion  of  a  turbine 
plant  witliout  Liie  use  of  expensive  steam  meters  or  tlie  applica- 
tion of  methods  of  measurement  beyond  the  ability  of  the  usual 
plant  attendants.  Attention  is  also  called  to  the  article  on  the 
application  of  compressed  air  in  the  atomization  of  liquid  fuel 
in  locomotises,  mainly  because  the  author  claims  to  have  ob- 
tained an  unusual  economy  of  38  per  cent  where  American 
engineers  have  practically  found  no  improvement  at  all. 

A  series  of  articles  on  the  Cardan  drive,  ball  bearings,  lubrica- 
tion tests,  etc.  will  be  found  in  the  section  on  Mechanics,  while 
in  the  section  of  Air  Machinery  are  described  several  interesting 
types  of  air  conditioning  apparatus  of  German  design.  Of 
articles  on  autogenous  welding  one  gives  results  of  an  investiga- 
tion of  constructional  requirement  of  an  oxy-acetylene  welding 
burner  and  the  other  data  of  an  important  investigation  on  the 
strength  of  welded  seams  by  Desjuzeur,  director  of  the  Lyons 
association  of  Owners  of  Steam  Machinery,  whose  investigation 
on  boiler  sheets  has  been  reported  in  the  preceding  number. 

A  new  process  for  the  manufacture  of  iron  and  steel  is  also 
reported,  and  attention  is  called  in  this  connection  to  the  numer- 
ous attempts  of  applying  coal  dust  as  fuel  in  internal  combustion 
engines  made  in  England  lately.  Data  on  the  efficiency  of  sand 
blasting  machines  are  also  given.  In  conclusion  may  be  men- 
tioned the  report  of  the  work  of  Imbert  on  measuring  the  labor 
output  of  a  workman,  and  graphically  showing  the  relative 
efficiency  of  a  skilled  workman  and  an  apprentice. 

The  Editor  will  be  pleased  to  receive  inquiries  for  further 
information  in  connection  with  articles  reported  in  this  Review. 
Articles  are  classified  as  c  comparative;  d  descriptive;  e  experi- 
mental; g  general;  h  historical;  m  mathematical;  p  practical; 
t  theoretical.  Articles  of  exceptional  merit  are  rated  A  by  the 
reviewer.  Opinions  expressed  are  those  of  the  reviewer,  not  of 
the  Society. 

Aeronautics 

Starting  Course  {Anlaufweg,  G.  Konig,  Zeits.  fur  Flugtechnik  und 
Motorluftschiffahrt,  vol.  3,  no.  19,  p.  247.  October  12,  1912.  1  p.,  1  fig.  t). 
A  mathematical  demoustration  that  the  length  of  the  start  run  is  pro- 
portional directly  to  specific  load  on  the  planes  and  normal  velocity  of 
flow,  and  inversely  to  the  specific  efficiency  (referred  to  unit  weight  of 
the  flying  machine)   in  the  equation  for  length  of  start,  there  being  also 
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a  factor  to  take  care  of  tlie  eouslnicLionai  pecularities  of  eacli  type. 
The  leiigtli  of  tlie  start  run  increases  in  squares  wlien  tlie  net  weight  of 
the  airship  is  increased  by  some  useful  load  (iu  the  hrst  degree). 

APPAKAIUS     FOK     MeASUKING     SxliKSSKS     IJS     THE     iSXAYWlBES     OF     AlBSHXPS 

.{Apparat  zur  Mcsauiiij  der  in  dvn  Dialt,ten  eines  Fluyupparates  auftreten- 
den  fSpaitnuiii/en,  Wittmuack.  Zeita.'  fiir  Fluytechnilc  and  Motorluft- 
schiffahrt,  vol.  3,  no.  ID,  p.  250.  October  12,  1912,  2  pp.,  2  hgs.  d).  Descrip- 
tion of  the  Largier  apparatus  described  in  The  Journal,  May  1912,  p.  806. 
The  author  of  the  present  article  states  that  the  apparatus  has  not  yet 
been  tried  for  measuring  stresses  during  actual  flight. 

Air  Machinery  and  Ventilation 

Undebgboukd  Tbaction  bv  Compbessed  Aia  Locomotives  in  Fbench 
Mines  (La  traction  souterraine  par  locomotives  a  air  comprim6  dans 
les  mines  franQalses,  K.  Leroux.  Bulletin  de  la  Soci^te  de  I'Industrie 
Min&rale,  September  1912.  p.  299.  3U  pp.,  22  figs.  de).  Description  of 
some  compressed  air  mine  locomotives  and  data  of  tests,  among  others 
those  of  the  Leroux  locomotive. 

Pneumatic  Post  in  Italy  {La  posta  pneumatica  in  Italia.  L'Lndustria, 
vol.  26,  no.  39,  p.  013.  September  29,  1912.  7  pp.,  26  figs.  (i).  Description 
of  the  pneumatic  post  installation  in  Milan,  Italy.  German  apparatus 
of  the  closed-circuit  type  is  used,  the  parcels  in  the  tubes  moving  at  a 
speed  from  500  m  (1640  ft.  contract  speed)  to  700  m  (2296  ft.  speed  at 
tests).     Each  parcel  may   contain  from   15   to  20  letters  and  telegrams. 

Pbessube  Piping  of  an  Undeegbound  Mine  Pumping  Engine  {Druckleit- 
ung  einer  unterirdischen  Wasserlialtunysinaschine,  Ed.  Kaschny.  Iter 
praktische  Maschinen-Konstrulceur,  vol.  45,  no.  21,  p.  350.  October  10, 
1912.  2  pp.,  3  figs,  and  one  sheet  of  drawings,  d).  Wrought-iron  or  seam- 
less steel  tubes  have  the  following  advantages  as  compared  with  cast-iron 
ones :  greater  length  and  therefore  fewer  flange  connections  per  unit  of 
length ;  thinner  walls,  and  therefore  easier  handling,  lower  stress  of  the 
foundations  and  lower  expenses  of  installation.  If  cast-iron  pipes  are 
still  used,  however,  this  may  be  partly  explained  by  the  usual  unwilling- 
ness of  mine  owners  to  try  new  things,  and  partly  by  the  idea  that 
cast  iron  is  better  able  to  resist  corrosion  due  to  the  action  of  mine 
waters ;  as  to  the  latter  it  has  been  found,  however,  that  a  properly 
applied  coat  of  tar  affords  a  practically  perfect  protection  to  wrought-iron 
and  steel  pipes.  The  rest  of  the  article  contains  a  detailed  description 
of  the  piping  in  a  Russian  mine  the  name  of  which  is  not  given. 

New  Ventilating  Appaeatus  in  1911  {Neuerungen  in  der  Lilftungs- 
technik  aus  dem  Jahre  1911.  Zeits.  fiir  Beleuchtungswesen,  vol.  18,  no. 
28,  p.  327.  October  10,  1912.  2  pp.,  6  figs.  d).  Descriptions  of  new  types 
of  air  conditioning  apparatus  of  German  design.  The  author  states  that 
it  was  in  the  United  States  that  the  tendency  to  build  apparatus  which 
would  simultaneously  wash  the  air  and  condition  it  originated.  The 
device  shown  in  Fig.  lA,  was  patented  in  Germany  (patent  No.  239583) 
by  H.  Assmuth,  a  resident  of  Daressalam,  German  East  Africa,  and  is 
primarily    designed   for   use   in    tropical   countries.      It    combines   an   air 
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cooling  apparatus  with  an  air  distributor,  tlie  cooling  being  based  on  the 
variation  of  the  temperature  of  the  air  with  changes  in  its  pressure.  P  is 
an  air  pump  surrounded  by  the  jacket  W ;  B  is  a  tanlc  t-oniauiing  the  suc- 


FiG.   1     German  Air  Conditioning  Apparatus 


tion  pipe  serpentine  RC^  and  pressure  pipe  serpentine  RA,  the  first  connect- 
ing with  the  air  reservoir  L,  also  surrounded  by  a  jacket  W ;  F  is  the  dis- 
tributor, and  R  air  cleaner.    The  jackets  W  are  filled  with  water,  the  tank  B 
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with  a  heat  exchanging  medium  (ice,  steam,  etc.),  while  all  the  piping 
and  valves  are  carefully  protected  against  heat  losses.  If  the  valves 
V  aud  C'j  are  closed,  only  the  air  cooling  part  is  in  operation,  while  the 
air  cleaner  is  cut  out.  At  the  suction  stroke  of  the  pump  F,  with 
admission  valve  C'l  open,  the  air  flows  through  the  suction  serpentine 
Rt\  from  the  reservoir  L  aud  is  partly  cooled  in  passing  through  the  tank 
B,  while  at  the  same  time  it  takes  heat  away  from  the  water  around  L. 
At  the  compression  stroke  of  the  pump  P  the  exhaust  valve  A  opens, 
and  admission  valve  C'l  closes,  the  air  is  driven  through  the  pressure 
serpentine  RA,  gives  up  heat  to  the  water  in  the  jacket  around  the  pump, 
and  is  cooled  first  by  the  ice  in  the  tank  B,  and  next  by  expanding  in  L. 
The  distributor  V  consists  of  two  fine  meshed  wire  nets  insuring  slow 
and  uniform  flow  of  air  into  the  room,  this  being  necessary  because 
strong  and  non-uniform  air  currents,  particularly  of  cold  air,  have  an 
evil  influence  on  the  health. 

A  similar  apparatus  patented  in  Germany  (patent  No.  243341)  by 
Konrad  Manjuards  is  for  use  in  textile  plants.  The  chamber  a  has  three 
concentric  cavities,  the  innermost  one  containing  a  fan  d  (Fig.  IB  and  C). 
The  casing  e  encloses  four  water  atomizing  nozzles  i,  and  supports  by 
its  bottom  the  centrifugal  pump  x  which  Is  on  a  common  vertical  shaft 
with  the  fan  d,  and  is  driven  by  the  electromotor  c.  The  outer  circular 
cavity  a^  serves  for  the  atomization  of  the  water,  while  the  cavity  Cj 
which  forms,  by  means  of  a  double  roof,  a  second  cavity  m,  serves  as  a 
steam  space.  Through  the  cavities  a^  and  a.^  pass  four  pipes  n  starting 
from  the  ventilator  chamber  Cg  and  joined  at  the  other  end  to  the  four 
air  distributing  and  heating  pipes  o.  Sections  of  the  pipes  n  form  the 
connecting  ducts  q  and  q^,  the  first  between  the  pipes  o  and  steam  space 
)ii,  and  the  other  between  these  pipes  and  the  steam  space  a..  The 
steam  passes  through  the  steam  supply  pipe  r  (Fig.  IC)  aud  connecting 
pipe  q,  as  shown  by  the  dotted  lines,  into  the  steam  space  ni,  aud  thence 
into  the  air  heating  pipes  o,  where  it  flows  around  the  heatiug  pipes  o,, 
finally  to  reach  the  steam  space  a..  The  water  of  condensation  moves 
In  the  same  direction  and  flows  into  the  water  pot  t  from  which  it 
passes  through  pipe  ^i  to  the  centrifugal  pump  x  and  thence  either  to 
the  atomizing  nozzles  or  to  the  sewage  piping  )\,  the  water  serving  for 
air  moistening  passing  preliminarily  through  the  sieves  at  s^.  If  the  air 
has  only  to  be  heated,  but  no  water  is  to  be  atomized,  the  valves  v  and  i\ 
are  closed,  and  all  the  water  sent  through  pipe  r.  If,  on  the  contrary, 
it  is  desired  only  to  moisten  the  air,  but  not  heat  it,  the  regulating  valve 
r,,  is  closed  completely.  The  path  of  the  air  in  all  cases  is  indicated  by 
the  arrows.  Outside  air  is  sucked  in  by  the  fan  d,  and  passes  consecutively 
through  the  circular  chambers  Ui,  tti  and  as,  becoming  somewhat  warmed 
up  by  the  contact  with  the  external  walls  of  the  chamber  ttj-  It  flows 
then  through  the  connecting  pipes  n  and  heating  pipes  o^  into  the  work- 
shops, so  that  in  winter  ventilation  and  heating  occur  simultaneously. 
In  ventilation  without  heating  (e.g.  in  summer)  the  air  is  taken  in  by 
the  fan  through  the  pipe  fci  and  let  out  into  the  workrooms  through 
pipes   o   and   o^.     The   moistening  of   the   air   occurs   in   the   chamber   a, 
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vvbeio  tlio  air  uud  the  waLcr  jets  from  tlie  atomizing  nozzles  come  together. 

11.  K.  Gabler  in  his  patent  (iSlo.  243610)  combines  an  exhaust  stewm 
turbine  fan  drive  ivilh  licatiuy  by  the  same  exhaust  steam,  both  being 
done  in  a  single  unit.  As  shown  in  Fig.  ID,  a  is  the  fan  wheel,  b  the 
bearing,  o  turbine  wheel,  (I  air  pipes  built  into  the  heater,  e  heater,  / 
steam  supply  piping,  y  water  of  condensation  discharge  piping.  Steam 
coming  through  pipe  /  sets  into  motion  the  turbine  wheel  c  and  the 
fan  wheel  a  directly  coupled  with  the  latter;  while  the  air  driven  by 
suction  through  the  pipes  d  is  heated,  and  at  the  same  time  condenses 
the  exhaust  steam. 

The  article  contains  also  a  description  of  the  air  conditioning  apparatus 
of  A.  Sauer,  of  Pittsburgh.     It  is  to  be  continued. 

Mine  Fan  Dbive  by  Polyphase  Motobs  with  Vaeiable  Speeds  of 
Rotation  (Antrieu  ion  Grubenventilatoren  durch  Drehstrommotoren  mit 
reyelbarer  Umlaufzaltl,  Sauvage.  Gliickauf,  vol.  48,  no.  41,  p.  1668. 
October  12,  1912.  3  pp.,  4  hgs.  ep).  At  the  Hermine  mine  in  Neunliirchen 
^Trier,  Germany)  was  installed  a  fan  plant  designed  to  supply  at  the 
time  of  its  installation  oUOU  cbm  (say  20U,000  cu.  ft.)  of  air  per  min., 
but  to  be  able  to  supply  later  bUUU  cbm  (say  282,000  cu.  ft.)  per  min. 
A  Kateau  fan  of  the  latter  maximum  capacity  was  installed,  with  a 
speed  varying  in  accordance  with  the  output  desired  between  150  and 
22u  r.p.m.  Three-phase  current  was  available  at  2000  volts  and  a  frequency 
of  50.  The  article  describes  in  detail  the  somewhat  unusual  electric 
equipment  of  the  plant -and  its  testing.  During  the  tests  three  methods 
of  regulation  were  applied:  by  a  regulating  starter,  by  varying  resistances 
with  asynchronous  motors,  and  by  throttling  the  suction  piping  of  the 
fan.  Fig  2A  gives  a  comparison  of  the  first  two  methods,  showing,  by 
the  way,  that  at  low  speeds  and  correspondingly  low  fan  outputs  change 
from  Delta  connection  to  Star  connection  improves  the  efficiency.  Fig. 
2B  shows  the  power  consumption  at  various  outputs  with  all  three 
methods  of  regulation,  proving,  as  might  be  expected,  that  for  all  but 
the  very  highest  outputs,  regulation  by  throttling  is  the  least  economical. , 

In  the  present  case  the  first  cost  of  the  regulating  apparatus  increased 
the  cost  of  the  motors  by  M.15000  (roughly,  $3700).  If  the  installation 
were  driven  during  the  first  16  months  at  an  average  speed  of  340  r.p.m., 
or  at  70  per  cent  of  maximum  air  output,  there  would  be  a  saving  of  53  kw. 
during  that  time,  or,  at  8500  hours  per  year  and  at  2.5  pf.  (say  $0,006) 
per  kw-hr.,  there  would  be  in  those  first  16  months  a  saving  of 
16x8500x53x2.5  h-  12x100==M  15,016.66,  or  the  extra  first  cost  would  be 
saved  in  less  than  a  year  and  a  half. 

A  New  Blowee  {Ein  neues  Oeblase,  J.  Lehne.  Die  Turbine,  vol.  9, 
no.  1,  p.  11.  October  5,  1912.  2  pp.,  2  figs,  d).  After  discussing  the 
usual  disadvantages  of  blowers  using  an  auxiliary  liquid  the  author  de- 
scribes a  new  blower  of  the  International  Rotary  Machine  Company  of 
Berlin  using  a  constantly  rotating  ring  of  liquid  c  enclosed,  to  avoid 
excessive  friction  losses,  in  a  freely  revolving  drum  b  (Fig.  3B),  whereby 
the  small  friction  at  the  bearings  is  substituted  for  the  considerable  frlc- 
tional  resistances  at  high   velocities.     Eccentrically   to  the  axis  of  this 
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drum  is  placed  a  blade  disc  a  enclosed  by  side  plates  as  shown,  touching 
the  ring  of  liquid  at  one  place  Of  its  inner  circumi'ereuce  while  every- 
where else  there  is  a  certain  distance  between  the  edges  of  the  blades  and 
the  circumference  of  the  ring  varying  from  zero  to  maximum  and  back 
to  zero.  As  the  drum  is  very  rotatably  placed  in  the  ball  bearings  d  and  e 
(Fig.  3A),  it  is  easily  carried  away  in  its  rotation  by  the  ring  of  liquid, 
which  thus  forms  an  air-tight  enclosure  of  the  separate  cell  spaces.  Inside 
the  wheel  a  is  a  fixed  wrist  plate  /  with  a  suction  duct  g  and  pressure 
duct  ft,  the  latter  so  proportioned  that  it  is  set  in  connection  with  the 
corresponding  cell-openings  only  after  the  pressure  in  the  respective  cells 
has  reached  exactly  that  level  for  which  the  apparatus  is  designed. 

Tests   with   small    machines   having   a    wheel    with    inner   diameter   of 
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80  mm  (3.14  in.)  have  shown  an  efficiency  of  00  to  73  per  cent  when 
the  machine  worked  as  a  blower,  and  50  to  63  per  cent  when  as  a  vacuum 
pump.  Pressures  up  to  1.2  atmospheres  above  atmospheric  have  been 
obtained  with  water  used  as  the  auxiliary  liquid,  but  with  mercury  as 
the  auxiliary  liquid  proportionally  (to  its  specific  weight)  higher  pres- 
sures may  be  obtained.  The  above  described  arrangement  may  be  used 
therefore  for  obtaining  considerable  pressures  with  small  sized  machines. 

Internal  Combustion  Engines 

Internal-Combustion  Engines  in  the  Oil  Industry  {Die  Verbren- 
nungskraftniaschinen  in  der  Erdol-Bohrindustrie,  Neumann.  Zeits.  des 
Internationalen  Vereines  der  Bohringenieure  und  Bohrtechniker,  vol.  19, 
no.  20,  p.  233.  October  15,  1912.  5  pp.,  11  figs.  d).  From  a  paper  by  the 
author  read  before  the  International  Society  of  Drilling  Engineers  and 
Machinists  in  Berlin,  on  the  application  of  internal-combustion  engines 
in   drilling   for  oil.     The  author  points   out   the  advantages  of  having 
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engines  which  can  work  equally  well  on  natural  gas  and  liquid  fuel, 
and  describes  in  detail   the  Deutz   engine  which  satisfies  this  condition. 

Power  Pkoduction  in  Gasworks  {Die  Kraftcrzeuguiig  in  Gaswcrlcen,  A. 
Krauss.  Journal  fiir  Gashcleuchtung,  vol.  55,  nos.  37  and  38,  pp.  901 
and  925.  September  14  and  21,  1912.  11  pp.,  7  ligs.  gp).  The  author 
claims  that  German  gas  works  do  not  make  sufficient  use  of  coke  breeze 
and  other  fuel  refuse  which,  as  he  shows,  may  be  well  used  for  the 
production  of  power;  he  quotes  the  American  practice,  and  discusses  in 
detail  the  McLean  process. 

A   Six-( 'vi.iNDKH  V-lNIoi'oi:  at  (Id  Dec;.      {  Lc  iiiolciir  a  11  ci/liiKlrcs  en  ^    a 


Fig.  3     Blower  of  the  International  Rotary  Machine  Company  of  Berlin 


60°.  La  Technique  automobile  ct  acricnne,  vol.  7,  no.  82,  p.  153,  October 
15,  1912.  3  pp.,  4  tigs.  t).  Theoretical  investigation  of  a  six-cylinder 
motor  in  V  with  the  arms  of  the  V  at  (JO  deg.,  its  order  of  ignition,  and 
balancing. 

Modern  Progress  and  Experiences  in  the  Technical  Application  of 
Coal  Tar  Derivatives  for  the  Production  of  Heat,  Power  and  IjIght. 
(Neuere  Fortschritte  und  Erfahrungen  in  iler  technischen  Verivendung 
der  Tcerprodukte  fiir  Heiz-,  Kraft-  und  Lichtsicccke,  A.  Dahm,  Zcits.  fiir 
angewandte  Chemie,  vol.  25,  no.  40,  p.  2049.  October  4,  1912.  9  pp.,  14 
figs.  dg).  A  general  discussion  of  the  application  of  coal  tar  products 
and  tlie  use  of  coal  tar  itself  as  a  fuel,  with  the  description  of  some  of 
the  standard  apparatus  used  in  this  connection. 

The  Gas  Turbine  {I  her  die  Gasturbine,  Hans  Holzwarth.  Journal 
fiir  Gasheleuchtung,  vol.  55.  no.  39,  p.  949.  September  28,  1912.  7  pp., 
14  tigs.  dt).     Description  of  the  Holzwarth  gas  turbine   (cp.  The  Journal, 
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February  1912,  p.  303),  aud  some  controversy  with  Professor  Stodola 
(cp.  The  Journal,  September  1912,  p.  1384).  The  author  points  out  that  if 
steam  is  used  in  gas  turbines  to  reduce  the  temperature  of  the  explosive 
mixture,  as  proposed  by  Davey  (The  Enyuieer,  March  S,  1912  aud  ff.)» 
the  sulphur  derivatives  in  the  gaseous  mixtures  will  pass  into  hydrates, 
aud  form  compounds  powerfully  attaciciug  the  metal  parts  of  the  turbine, 
aud  it  is  practically  impossible  to  regulate  the  injection  of  water  with 
such  a  precision  as  to  have  in  the  turbine  at  all  times  only  superheated 
steam.  As  to  the  use  of  convergtMit-divergent  nozzles  in  gas  turbines, 
the  author  states  that  his  experiments  have  shown  that  in  most  cases 
such  a  nozzle  is  entirely  unadapted  for  use  in  gas  turbines ;  gas  turbines 
do  not  have  nozzles  in  the  strict  sense  of  the  term,  but  use  single  plane 
parallel  outlet  openings  of  which  the  efficiency  is  independent  of  the 
pressure  fall,  and  superior  to  that  of  a  nozzle.  As  to  the  supposition  that 
the  gas  turbine  wheel  has  little  efficiency  owing  to  the  variable  velocity  of 
the  gas  jet.  the  author  states  that  his  tests  have  shown  that  it  is  not  materi- 
ally below  that  of  the  steam  turbine,  for  although  the  decreasing  velocity  of 
the  jet  is  theoretically  an  unfavorable  factor,  there  must  be  some  other 
factors  which  counteract  its  intiuence. 

As  to  the  possibility  of  the  gas  turbine  in  its  present  state  of  develop- 
ment being  commercially  applied,  the  author  agrees  that  the  peak  values 
of  its  efficiency  curve  are  below  those  of  some  other  prime  movers,  but 
points  out  that  the  commercial  applicability  of  an  engine  is  not  determined 
by  the  peak  values  of  its  curve,  but  by  the  overall  cormiiercial  economy 
of  application.  At  full  load  the  reciprocating  gas  engine  is  nearly  twice 
as  efficient  as  the  steam  turbine,  but  the  latter  is  widely  applied  simply 
because  the  usual  loads  are  only  about  50  per  cent  of  the  maximum 
(this  applies  to  steel  plants  only).  The  gas  turbine,  as  has  been  shown  by 
the  tests,  may  use  gas  direct  from  the  scrubber,  without  passing  it  through 
a  dry  cleaner,  and  without  injuring  thereby  the  gas  admission  valves ; 
there  is  some  deposit  of  dust  and  small  particles  of  coal  in  the  com- 
bustion chamber,  but  since  no  oil  reaches  the  combustion  chamber,  this 
deposit  does  not  cling  to  the  walls,  as  in  the  case  of  reciprocating  gas 
engines,  and  generally  gives  no  trouble.  No  corrosion  or  erosion  has 
been  observed  at  the  nozzle  valves ;  the  nozzles  aud  blades  become  rapidly 
covered  with  a  hard  and  resisting  skin  of  iron  oxide-oxidul,  and  after 
that  are  no  more  attacked  by  the  hot  gases.  As  to  the  overall  commercial 
economy,  the  author  calls  attention  to  the  fact  that  amortization,  interest, 
attendance,  etc.,  in  steel  plants,  has  been  found  to  be  55  per  cent  of 
the  cost  of  fuel  in  the  case  of  steam  turbines,  and  245  per  cent  in  that 
of  reciprocating  gas  engines,  and  the  author  believes  that  for  gas  turbines 
the  steam  turbine  ratio  will  hold.  He  states  further  that  his  gas  turbine 
can  be  driven,  in  addition  to  gas,  with  the  same  liquid  fuels  as  the 
Diesel  engine. 

Gas  Tubbines  (Turhing  plynove,  J.  Dejmek.  Technicky  Obzor,  vol.  20,  no. 
30,  31,  and  32,  pp.  221,  229  and  237,  September  18,  October  2  and  9,  1912. 
9  pp.,  17  figs.  dtA).  The  author  makes  the  usual  distinction  between  com- 
bustion and  explo.sicn  turbines,  and  investigates  the  eflficiency  and  character- 
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istics  of  both  Every  gas  turbine  requires  a  compressor  which  takes  up  the 
heoretical  amount  of  work  Lc,  or  the  actual  amount  of  work  —  where  rjc  is  the 

Vc 

efficiency  of  the  compressor.  If  Lt  be  the  theoretical  output  of  the  turbine 
without  compressor,  and  L,  that  with  the  compressor,  then 

Ls  =  Li  —  Le 

If,  further,  77,  be  the  efficiency  of  the  turbine  without  compressor,  the  effective 
work  of  tlie  turbine  without  compressor  is  VtLi,  and  that  of  tm-bine  with  com- 
pressor 

L, 

Vc 

while  the  overall  efficiency  of  a  turbine  with  compressor  is 

Le  Lo  1 

rjtLt Vt-—  ■   - 

_i>o     ^o Lit     rjc 

-/-/«  -L't" — L/q  L/C 

In  connection  with  the  combustion  gas  turbine  the  author  investigates  the 
following  two  processes:  (a)  adiabatic  compression  and  adiabatic  expansion, 
and  (b)  isothermic  compression  and  adiabatic  expansion.  In  the  following  let 
Ti  be  the  absolute  temperatm-e  at  the  end  of  compression,  Ti  at  the  beginning 
of  expansion,  T3  at  the  end  of  expansion,  and  To  at  the  beginning  of  compres- 
sion. Since  the  amount  of  heat  and  work  brought  in  must  be  equal  to  that  of 
heat  and  work  taken  away 

L%—L„  =  Qi  —Qi 
where  Qi  is  the  amount  of  heat  brought  in,  and  Q2  that  escaping  through  the 
exhaust,  whence 

Qi=c^[T.-T,],     and     Q,=c^[T,-To] 
The  absolute  heat  efficiency  is 


Q1-Q2  cp[r2-ri]-cp[r,- 


.-..  4-^:)-K'-^:) 


Qi  Cp[T2-Ti] 


K-S) 


but  since  in  adiabatic  compression  or  expansion 

T\^To 
T,     T, 

hence 

T2-T,_       T,  To 

''•"     Tr  T,"       T, 

which  shows  that  the  heat  efficiency  depends  on  the  temperature  ratios  and  not 
on  the  maximum  temperatures  used  in  the  process.  It  is  further  shown  that 
the  following  must  hold: 

Lit 

since  otherwise  no  work  would  be  produced.  But  the  following  equation  is  also 
correct: 

Lo     Ti  —  Tq 

U~T,-T> 
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and 

ther( 

since 
efore 

for  the 

case 

of  adiabatic  compression 
To     To 

Le   Tx    r, 

Lt     J     To 

T, 

or 

expansion 

which,  for  the  usual  range  of  temperature,  may  be  written  with  sufficient  cor- 
rectness in  the  following  form: 

Lq      To 

U'Tt 
This  shows  that  the  chief  condition  for  the  production  of  any  work  at  all  is  that 

To 

^  <'nt  ■  Vc 

Taking  a  numerical  example,  and  substituting  for  t/cO.S,  for  Tjt  0.7,  and  for 

To  300  deg.  cent.,  the  following  must  hold 

300 

— -  <0.7  X0.8 
i  t 

or 

T,  >  535  deg.  cent. 

Process  of  Isothermic  Compression  and  Adiabatic  Expansion.     In  this  process 

To  =  Ti.    The  loss  of  heat  in  the  process  with  isothermic  compression  is  expressed 

by  the  equation 

where  Qt  is  the  heat  lost  through  the  exhaust,  and  Q't  that  lost  through  com- 
pression, the  latter  being  expressed  by  the  equation: 

Q',  =  ARToU.i:^ 

"o 

Substituting  this  value  in  the  equation  for  the  absolute  thermal  efficiency 

Pi 
Cp(T,-Ti)-Cp(T,-Ti)-^i2Ti  l..t  Po 


'/»- 

Cp(T,-Ti) 

But  as  to  the  effective  work  of  the  turbine,  the  following  must  hold: 

■Lit 

Since,  however, 

it 

was 

shown  above  that 

p 

Lo~RTo  Inat  ~ 

and 

k-l 

therefore 

Pi 
Lo     A;-l  To  lo.tPo 

Lt       k     r»  £»    1 

Ti 
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Substituting  corresponding  values  from  equation 


&M' 


the  following  is  finally  obtained 


Pj_ 

k  —  1        Ju  Inat    "o 


k        T, 


;■;) 


T7«.J?t 


1 


which  shows  that  with  constant  Ts,  To  is  a  function  of  the  pressures  pi  and  po- 
The  author  treats  in  the  same  manner  the  explosive  gas  turbine,  this  part 

being  omitted  partly  owing  to  lack  of  space,  partly  because  the  theory  of  the 

explosive   turbine  is  considerably  better  known   through   the   publications  of 

Holzwarth,  Davey,  H.  H.  Suplee,  and  others. 

The  article  further  discusses  the  heat  entropy  diagrams  for  the  gas  turbines, 

and  describes  the  Holzwarth  turbine. 

DiiiSEL  Engine  Building  at  the  Germania  Shipbuilding  Yard  (Der 
Dieselinotorenbati  auf  der  Oermaniaiverft,  C.  IJegenbogen.  Die  Gas- 
motorcnttvhnik,  vol.  12,  no.  7,  p.  113.  October  1\)V2.  SV:.  pp.  gh).  A 
historical  sketch  of  Diesel  enghie  building  at  the  Germania  shipbuilding 
yard,  one  of  the  largest  in  Germany,  and  some  considerations  on  the 
design,  mainly  that  of  large  Diesel  engines  for  marine  purposes.  The 
problem  of  cooling  tJie  piston  head  was  at  first  solved  by  using  as  a 
cooling  medium  lubricating  oil,  because  if  it  should  happen  to  leak  into 
the  cylinder,  it  could  do  no  particular  harm  there,  as  would  water,  par- 
ticularly sea  water.  It  was  found,  however,  after  a  series  of  compre- 
hensive tests  that  in  the  case  of  very  large  two-stroke  cycle  motors 
water  as  a  cooling  medium  gives  better  results  when  carefully  selected 
and  suitably  designed  apparatus  is  used  for  the  distribution  of  the 
liquid. 

Experiments  have  shown  that  double-acting  Diesel  engines  may  now 
be  built  without  much  ditiiculty  at  2000  h.p.  up  per  cylinder.  In  fact, 
the  firm  has  constructed  at  considerable  expense  a  large  two-stroke  cycle 
double-acting  stationary  single-cylinder  engine  with  scavenging  pump  at 
the  side  of  the  main  cylinder,  and  it  proved  a  success.  As  regards  the 
improvement  of  specitic  efficiency  of  two-stroke  cycle  engines,  the  limits 
of  piston  velocity  have  been  practically  reached,  and  further  progress  may 
be  expected  only  in  improvements  of  the  compression  of  gas  mixture  in 
the  cylinder  and  still  better  atomization  of  fuel. 

The  Micro-Indicator  {Der  Mikro-Inilikator,  O.  Mader.  Der  Motor- 
wagen,  vol.  15,  no.  17,  p.  632.  September  30,  1912.  4  pp.,  19  figs.  d). 
Description  of  a  special  indicator  invented  by  the  author  for  use  ivith 
high-speed  small  internal-comiusion  engines,  where  the  ordinary  indicator 
cannot  well  be  used.  Attempts  have  been  made  to  use  optical  indicators 
for  pressure  recording  but  their  disadvantage  is  that  their  record  must 
be    made    photographically,    and    that    leads    to    the    diagram    lines    being 
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of  very  uneven  distiuctuess,  and  lieluj^  underexposed  in  fast  moving 
machinery,  and  overexposed  in  indicating  slow-speed  engines.  Tlie  author's 
iiiicru-indicator,  like  the  early  steam  indicators,  has  a  short  piston  stroke 
and  direct  recording,  in  this  case,  however,  made  with  a  sharp  steel 
point  on  a  soot  blackened  glass ;  the  fine  lines  are  then  magnified  under 
a  microscope,  outside  of  the  engine  installation  proper.  Fig.  4 A  schemati- 
cally represents  the  gear  w'hich  allows  the  indicator  record  to  be  made 
by  minute  sidewise  motions  of  the  light  steel  point.  The  piston  rod 
has  at  the  top  a  flat  plate  a  which  is  in  gliding  contact  with  the  end  of 


Fig.  4     Mader  Micro-Indicator,  Its  Drive  and  Diagrams  in  Natural  Size 


the  rod  h.  The  point  s  of  the  recording  style  lies  exactly  in  the  axis 
through  the  center  of  the  circular  end  of  the  rod  &  of  which  the  second 
end  E  is  actuated  by  the  lever  c  swinging  about  D.  To  keep  the  rod 
h  always  in  gliding  contact  with  the  end  of  the  piston  rod,  and  to  avoid 
lost  motion  in  the  gear,  the  many-coiled  spring  /  is  introduced.  Since 
many  guide  points,  even  with  the  best  adjustment,  are  apt  to  produce 
excessive  friction,  the  parts  in  this  indicator  are  all  guided  at  no  more 
than  two  points ;  thus,  the  piston  is  guided  below  by  the  cylinder  wall, 
above  by  the  double  wound  spring,  the  spring,  rod  and  piston  being 
combined  in  one  piece,  and,  should  another  scale  be  required  for  the 
diagrams,    must   all   be   changed   together;    this,    however,    eliminates    all 
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possibilities  ol"  their  getting  loose  iu  operation  or  being  incorrectly  put 
together  at  the  beginning. 

An  important  part  ol"  the  micro-indicator  is  the  diagram  holder,  a 
U-shaped  frame  rotatable  about  a  hxed  axis ;  the  soot  blackened  glass  is 
slipped  in  from  above  and  held  fast  by  a  spring.  The  simplest  drive, 
with  as  few  joints  as  possible,  is  used,  e.  g.  a  rocking  drive  (Fig.  4B). 
To  avoid  large  errors  in  the  diagrams,  the  setting  of  the  drive  must 
be  carefully  made  not  only  as  regards  dead  centers,  but  also  with  respect 
to  the  average  piston  position  at  which  the  recording  style  is  instantane- 
ously at  rest  previous  to  changing  its  direction  of  motion. 

The  diagrams  are  maguihed  by  an  ordinary  microscope  with  a  1 :40 
rate  of  maguihcation,  which  is  sufficient  for  an  estimate  of  the  diagram 
by  inspection.  If  measurements  are  to  be  made,  the  diagrams  are  magni- 
tied  either  photographically,  or  drawn  to  a  larger  scale  by  means  of 
a  special  reflecting  and  magnifying  device. 

The  micro-indicator  may  be  used  for  the  determination  of  the  indicated 
horsepower  of  a  high-speed  internal-combustion  engine  (600  to  3000  r.p.m.)  ; 
the  glass  on  which  the  records  are  made  may  be  cleaned,  covered  by  a 
new  layer  of  soot  or  lampblack,  and  used  over  and  over  again. 

Influence  of  the  Speed  of  Combustion  on  the  Efficiency  of  a  Gas 
Engine  (In/luence  de  la  vltesse  de  couLbuntion  sur  Iv  rendenient  d'uii,  mo- 
teur  a,  gaz,  E.  Merigeault,  Oviuptts  Reiidus  des  seances  de  I'Academie 
des  iSciences,  vol.  155,  no.  15,  p.  041.  October  7,  1912.  3  pp.,  8  figs.  t). 
The  author  establishes  a  theory  of  the  gas  engine  which  may  be  applied 
independently  of  the  nature  of  the  gaseous  medium  and  of  its  molecular 
contraction  produced  by  combustion.  He  starts  from  a  previously  estab- 
lished equation 

AT^  =  Ly-   r-  \      cdT-p^{VK-Vu) 

which  is  true  whatever  the  nature  of  combustion,  and  in  which  ^'u  is  the 
work  produced  by  the  engine  during  a  complete  cycle  (two  revolutions)  ; 
Lv  the  calorihc  value,  at  constant  volume,  of  the  combustible  admitted 
during  one  piston  stroke ;  q  the  quantity  of  heat  given  up  to  the  walls 
during  the  lime  between  the  end  of  the  admission  B  to  the  beginning  of 
the  exhaust  JiJ ;  T  and  T^  the  temperatures,  supposedly  uniform,  at  those 
two  instants ;  c  the  specific  value,  at  constant  volume,  of  the  whole  mass 
of  gases  contained  in  the  cylinder  at  the  end  of  combustion ;  E  ^  and  V  g 
volumes  at  the  instants  B  and  E  respectively.  The  author  proceeds  to 
prove  the  following  theorem  (modihcatiou  of  Carvallo's,  but  applicable  to 
all  gases)  :  If  there  be  two  motors  having  walls  impermeable  to  heat 
(i.e.  with  0^  =  0),  and  with  volumes  Y^  and  Y^  equal  respectively,  absorb- 
ing at  each  stroke  the  same  quantity  of  combustible  gas,  and  loorkiny 
between  the  same  limits  of  pressure;  if  in  one  of  these  two  cylinders  the 
combustion  is  at  constant  pressure,  while  in  the  other  it  follows  some 
other  law,  but  is  complete  at  the  moment  of  exhaust,  the  first  has  a 
better  ejjlciency.  Let  BCDE  and  BC  D'  E'  (Fig.  5)  be  the  diagrams  of 
these  two  motors,  where  DE  and  D'  E'  are  two  adiabatic  curves  of  the 
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same  gaseous  system  (completely  burned  gas).  The  author  first  proves 
ihat  E'  caiiuot  be  above  ii/,  as  in  the  diagram  on  the  left,  and  that  it 
must  therefore  be  below  il,  as  on  the  other  diagram.  Hence  'I\.i  ^  T  . 
and  consequently 

cdT>     \       cdT 

But  from  the  assumption  of  equal  limits  of  pressure  in  the  theorem,  (■'  I)' 
must  be  tangent  to  CD,  and 

AT^  =  L,.-  \      cdl-Ap.{W-VB) 
ATn-L.  \        cdT-Ap.  (7e-Fb) 


Fig.  5     Indicator  Diagrams 

and  from  this  and  the  preceding  inequality  is  deduced 

T^>T\ 

which  shows  not  only  the  comparative  values  of  the  two  efficiencies,  but 

also  the  relative  position  of  the  two  diagrams. 

Mixed  Combustion-Motob  Sabathe  {Motore  a  combustione  mista 
SahatM.  L'Industria,  vol.  26,  no.  41,  p.  645.  October  13,  1912.  3  pp., 
8  figs.  d).  Description  of  the  Sabathe  engine,  double-acting,  four-stroke 
cycle,  of  the  mixed  combustion  type,  i.e.  with  the  admission  of  the  fuel, 
after  the  compression  of  the  air,  so  regulated  that  combustion  occurs 
first  at  constant  volume,  and  then  at  constant  pressure.  In  an  explosion 
motor  (Fig.  6  L)  the  heat  which  has  to  be  transformed  into  work  is 
produced  instantaneously  in  the  cylinder,  and  there  is  an  instantaneous 
rise  of  pressure  AB  at  constant  volume.  In  a  slow  combustion  motor 
(Fig.  6  M)  the  production  of  heat  takes  place  during  a  quite  appreciable 
length  of  time,  and  at  about  the  same  rate  as  it  is  transformed  into  work, 
the  temperature  of  the  fluid  remaining  therefore  nearly  constant;  the 
period  of  combustion  is  shown  by  AB,  the  working  process  being  that 
of  the  Diesel  engine.  The  Sabathe  engine  follows  a  mixed  process  (Fig. 
6  N)  :  part  of  the  heat  is  produced  in  AB  at  constant  volume,  with  rise 
in  pressure  and  temperature,  and  part  in  BC  at  constant  pressure.  The- 
oretically the  Sabath§  motor  is  superior  or  at  least  equal  to  the  Diesel 
engine,  as  the  author  shows  by  an  analysis  of  its  thermal  diagram. 
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The  most  interesting  part  of  the  engine,  the  needle  device  which  helps 
to  produce  mixed  combustion,  is  shown  in  Fig.  6.  O:  the  needle  A  has 
a  conical  tip  fitting  into  a  conical  orifice  in  a  bush  held  at  the  bottom  of 
the  cylinder  by  springs ;  a  cam  at  a  convenient  moment  lifts  the  needle 
A  which  in  its  turn  raises  the  valve  /S,  by  means  of  the  wipers  T,  when 
it  has  gone  a  certain  distance  in  its  upward  motion.  The  fuel  passes 
through  the  passage  B  and  at  first  fills  the  chamber  G  below  the  valve 
S;  the  compressed  air  for  the  atomization  of  the  fuel  arrives  by  the 
duct  D  and  reaches  the  chamber  G  thronsh  n  groove  cut  along  the  valve 


Fig.  6L,  M.  X     Diagrams  of  Various  Types  of  Intersal-Combcstion  Ekgines 
O  Tappet  Gear  of  the  Sabathe  Engine 


S.  The  working  process  is  as  follows :  at  low  speed,  the  fuel  which 
nearly  fills  the  chamber  G  is  injected  into  the  cylinder  when  the  needle 
moves  upward  and  a  little  before  it  reaches  the  neutral  position,  and 
explodes  at  constant  volume;  when  the  output  of  the  engine  reaches 
a  certain  amount,  the  chamber  G  cannot  hold  all  the  fuel  that  is  required, 
and  some  of  it  accumulates  in  the  chamber  E.  Therefore,  when  the 
needle  is  lifted,  first  the  fuel  in  G  is  projected  into  the  cylinder,  and 
explodes  at  constant  volume,  and  then,  after  the  wipers  T  have  raised 
the  valve  S,  the  fuel  from  E  is  admitted  into  the  cylinder,  and  is  con- 
sumed there  in  accordance  with  a  law  depending  on  the  shape  of  the 
cam,  and  nearly  achieving  combustion  at  constant  pressure.  For  the 
atomizer  proper  of  the  Sabathe  engine  see  H.  R.  Setz.  Oil  Engines,  Trans. 
AM.Soc.M.E.,  vol  .33,  1911,  p.  868. 

The  Sabathe  engine  can  use  any  kind  of  liquid  fuel,  from  petroleum  to  the 
heavy  and  cheap  oils,  and  consumes,  for  large  motors,  less  than  0.2  ng. 
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(0.44  lb.)  per  effective  h.p.,  and  in  small  motors  from  230  to  0.24  ng.  (0.50 
to  0.53  lb.). 

A  New  FKEUiiiTEB  Equippkd  w  rrii  Dikskl  Engines  (/  //  iiikho  iiironcufo 
da  carico  con  motori  Diesel,  G.  Supiuo.  L'liulustria,  vol.  20,  uo.  40,  p.  031. 
October  6,  1912.  SV2  PP-,  13  figs.  (/).  Description  of  the  Diesel  engine 
freight  carrier  "  Monte  Pinedo,"  4000  register  tons.  For  a  complete  de- 
scription see  Motor  Bout,  October  10,  1012,  p.  10. 

Machine  Shop 

The  Oxy- Acetylene  Welding  Burner,  Its  Operation  and  Construc- 
tional Requirements  {Dcr  Accti/lcii-SaacrstoffNcliiccissbienner,  seine 
Wirkungsireise  iind  seine  KonstruktionsheiJinfmnyen.  Aeetylen,  vol.  15, 
no.  10,  J).  145,  in  the  pagination  of  the  appendix  Autogene  MetaUbear- 
beitung,  b  pp.,  3  figs.  et).  Abstract  of  a  doctor's  thesis  under  the  above 
title  presented  by  Hans  Ludwig  at  the  Technical  High  School  of  Berlin, 
and  covering  besides  general  considerations  on  the  theory  of  burners  for 
autogenous  welding,  the  description  of  the  test  arrangements,  calibration 
of  instruments,  and  test  data.  The  following  are  the  most  important 
conclusions  of  the  author's  investigation:  (a)  the  gas  mixture  in  the  burner 
should  consist  at  the  moment  of  combustion  of  equal  percentages  of  oxygen 
and  acetylene,  while  the  velocity  of  the  flow  of  gas  must  vary,  in  ac- 
cordance with  the  type  of  burner,  from  SO  to  140  m  (262  to  460  ft.)  per 
sec.;  (ft)  the  cross-sections  of  the  passages  in  the  burner  must  be  adjust- 
able to  make  possible  an  admission  of  an  excess  of  acetylene  in  order 
to  regulate  the  ratio  of  gas  mixture  which  may  be  changed  through 
the  heating  of  the  tip  of  the  burner;  (c)  the  preheating  of  oxygen  pro- 
duces increase  in  the  velocity  of  the  flow  of  the  gas,  and  decrease  of 
the  mass  of  oxygen  flowing  through  the  nozzle  per  unit  time;  (d)  the 
tests  have  established  the  fact  that  the  mixture  of  the  gases  at  the 
burner  nozzle  produced  Ity  a  simple  mixing  chamber  Is  perfect,  and  there 
are  no  separate  streams  of  oxjgen  and  acetylene;  (e)  the  temperature 
of  the  welding  flame  is  estimated  as  between  3000  and  3400  deg.  cent. 
(5432  to  6152  deg.  fahr.).  The  experiments  have  further  shown  that 
with  low-pressure  burners  the  mixture  ratio  may  be  varied  by  regulating 
the  oxygen  supply  only,  since,  although  the  acetylene  supi)ly  may  be 
reduced  by  throttling,  it  cannot  be  always  increased  as  desired.  As  to 
the  velocity  of  flow  of  gas  through  the  nozzle  it  was  found  that  it  is 
right  when  there  is  no  back  firing  during  the  welding ;  the  particular 
velocity  for  each  burner  has  to  be  established  bj'  trials,  within  the 
limits  set  above. 

The  tests  have  established  a  complete  absence  of  standards  for  regulat- 
ing the  gas  consumption  of  burners  per  unit  of  work  done,  and  some 
burners  consume  nearly  50  per  cent  more  gas  than  others  for  the  same 
amount  of  work  done;  with  the  existing  difficulties  of  measuring  the  tem- 
perature of  the  flame  it  is.  however,  diflicult  to  determine  the  actual 
efficiency  of  the  different  types.  The  author  discusses  in  detail  the 
influence  of  various  proportions  of  passages  in  the  burner  on  its  efl5ciency, 
and  recommends  certain  ratios. 
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Tests  of  Autogenous  VVeujinu  (Esaais  aur  la  soudure  autogdne,  Des- 
juzeur,  La  Houille  Blanche,  vol.  11,  no.  8,  p.  201.  August  1912.  4  pp.  e). 
The  article  is  based  partly  on  the  old  tests  of  Professor  Bach  of  Stutlgard, 
partly  ou  recent  tests  made  for  the  author,  who  is  director  of  the  Lyons 
Association  of  Owners  of  Steam  Machinery,  by  Professor  Bach  and  the 
laboratory  of  the  Steel  and  Foundry  Company  of  Firminy,  on  test  pieces 
supplied  by  the  Dissolved  Acetylene  Company  of  Marseille,  France.  These 
tests  have  shown  that  a  well-made  weld  does  not  create  a  weak  point  as 
far  as  resistance  to  static  effort  is  concerned.  In  some  cases  where  the 
excessive  thickness  produced  at  the  welded  spot  has  not  been  planed  off, 
the  rupture  occurred  elsewhere ;  where  it  has  been  removed  by  planing, 
the  rupture  occurred  at  the  weld,  but  the  stress  in  all  cases  has  been  but 
slightly  below  the  usual  breaking  stress  for  the  given  metal.  The  elonga- 
tions, however,  have  been  markedly  reduced,  .39  to  47  per  cent  for  bars 
with  excessive  thickness  at  the  weld  not  planed  off,  and  67  per  cent  for 
planed-off  bars.  Tension  tests  at  200  deg.  cent.  (392  deg.  fahr.)  have  shown 
that  at  this  temperature  the  elongation  in  welded  sheets  is  still  below 
that  of  the  unwelded  metal,  and  it  would  be  dangerous  therefore  to  accept, 
as  some  do,  that  the  ductility  of  the  metal  in  case  of  boilers  is  improved 
by  the  heating  to  which  the  sheets  are  subjected.  It  was  further  found 
that,  probably  owing  to  the  action  of  rapid  cooling  at  the  welded  joint, 
the  metal  there  is  considerably  harder  than  elsewhere,  and  that  the  welded 
joint  has  a  lower  resistance  to  shocks.  The  resilience  at  the  weld  is  approx- 
imately only  one-seventh  of  that  of  the  unwelded  part  of  the  sheet,  which 
the  author  ascribes,  from  data  furnished  by  the  chemical  analysis,  to  the 
presence  of  a  large  amount  of  phosphorus  in  the  welded  joint,  which  may 
again  be  due  either  to  the  quality  of  the  iron  in  the  melted  bar,  or  to  the 
presence  of  hydrogen  phosphate  in  the  acetylene. 

From  a  microscopic  investigation  and  other  data  the  author  expressed 
a  conviction  that  it  would  hardly  be  possible  at  the  present  time  to  have 
obtained  better  autogenously  welded  joints  than  those  which  were  sub- 
mitted to  his  tests.  It  is  therefore  difficult  to  say  what  may  be  the  strength 
of  the  less  carefully  made  joints,  especially  in  jobs  on  marine  boilers  where 
the  welder  works  under  extremely  unfavorable  conditions,  lying  on  his 
back,  cramped  as  to  space,  and  all  the  time  exposed  to  the  intense  heat 
from  the  burner. 

Use  of  Concrete  in  Machinery  Foundations  (Anwendung  von  Beton  zu 
Maschinenfundamenten,  Zeits.  des  Vereines  deutscher  Ingenieure,  vol.  56, 
no.  38,  p.  1546.  September  21,  1912.  3  pp.,  8  figs.  dp).  Supplied  by  the 
Information  Bureau  for  Concrete  Constructions  in  Heidelberg,  Germany. 
The  article  describes  how  concrete  foundations  may  be  changed  with  the 
change  of  machinery,  partly  using  the  old  foundations  for  the  new  purpose. 
A  good  plan  is  to  drill  holes  by  a  compressed  air  drill,  and  then  break  the 
concrete  by  hand  bars,  or  to  remove  the  concrete  by  explosives.  The  broken 
material  may  be  easily  removed  by  hand  and  used  again.  The  article  also 
gives  detailed  instructions  as  to  the  concrete  mixture  and  manner  of  laying 
the  foundation. 

Making  Patterns  for  Single  and  Double  Automobile  Cylinders  (An- 
fertigung  von  Modellen  zu  einfachen  und  doppelten  Automobilzylindem^ 
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J.  Biller.  Werkstattstechnik,  vol.  G,  uo.  20,  p.  525.  October  15,  1912.  4  pp., 
13  figs.  p).  Detailed  instructions  for  making  patterns  tor  automobile 
engine  cylinders,  with  data  on  the  cost  of  same  in  Germany. 

Crystallization  by  Reheating  of  Thin  Drawn  Metal  {Cristallisation 
par  recuit  den  m^taux  ^crouls,  F.  Robin.  Comptes  Rendus  de  VAcadimie 
des  Sciences,  vol.  155,  no.  13,  p.  585.  September  23,  1912.  2  pp.  e).  The 
author  has  found  by  experiments  reported  in  the  article  that  when  a  thin 
drawn  metal  is  reheated,  the  size  of  its  crystals  is  a  function  of  the  tem- 
perature and  duration  of  reheating,  but  with  the  same  duration  of  reheat- 
ing, the  size  of  the  crystals  does  not  grow  regularly  with  the  temperature 
of  reheating,  since  neither  the  largest  grains  are  obtained  with  the  highest 
temperatures  of  reheating,  nor  the  smallest  grains  with  the  lowest  tem- 
peratures. Generally  the  grains  which  are  large  in  the  proximity  of  the 
temperature  of  melting,  at  first  decrease  rapidly  with  the  temperature,  and 
then  remain  stationary  for  a  time.  Impurities  have  an  important  influence 
in  reducing  (except  in  the  case  of  zinc  alloyed  with  copper)  the  size  of  the 
crystals  without  materially  affecting  the  temperature  at  the  beginning  of 
reheating. 

Process  for  the  Manufacture  of  Iron  and  Steel  and  Furnaces  for 
USING  It  (ProcM^  pour  la  fahrication  du  fer  et  de  Vacier  et  four  pour  la. 
mise  en  pratique.  La  MUallurgie,  vol.  44,  no.  40,  p.  613.  October  2,  1912. 
1  p.,  7  figs.  d).  A  new  process  for  the  manufacture  of  iron  and  steel  pat- 
ented by  Meyer  Davidsen.  The  disadvantage  of  the  regenerative  furnace 
consists  in  the  heat  losses  involved  in  the  regeneration  process,  and  the 
necessity  of  varying  the  direction  of  the  flow  of  air  frequently.  In  David- 
sen's  process  finely  powdered  coal  is  burned  above  the  metal  bath.  All  the 
heat  contained  in  the  coal  is  instantly  developed  in  the  very  laboratory 
of  the  furnace,  and  all  losses  in  producing  the  gas  in  gas  producers  and 
preheating  it  are  entirely  eliminated.  A  further  advantage  of  the  new 
process  consists  in  the  method  of  communicating  the  heat  to  the  metal. 
The  flame  produced  by  burning  finely  ground  coal  consists  of  an  extremely 
large  number  of  minute  incandescent  particles  having  a  high  radiating 
capacity ;  there  is  therefore  in  the  first  instance  no  need  to  bring  the  sur- 
rounding air  to  the  temperature  of  the  coal  particles,  the  heat  being  com- 
municated by  radiation,  and  not  by  convection,  and  in  the  second  place 
the  flame  may  be  kept  high  enough  above  the  metal  bath  to  prevent  its 
contamination  by  impurities  from  the  coal,  and  that  permits  of  doing 
away  with  the  arch  which  at  best  is  only  a  source  of  trouble  and  expense. 
The  temperatures  obtained  in  such  furnaces  are  claimed  to  be  very  high, 
closely  approaching  those  of  the  electric  furnace.  By  the  elimination  of 
frequent  reversals  of  the  direction  of  the  flame  various  parts  of  the  fur- 
nace are  kept  always  at  the  same  temperature.  The  rate  of  the  flow  of 
air  must  be  large  enough  to  prevent  deposits  of  ash  in  the  furnace  proper. 
The  article  gives  the  details  of  the  furnace  construction;  it  is  to  be  con- 
tinued. 

Sand-Blasting  Machines  and  Their  Application  to  Cleaning  Iron  and 
Other  Structures  (Sandstrahlgebldse  und  deren  Anwendung  zur  Reinl- 
gung  von  Eisenkonstruktionen  und  sonstigen  Bauwerken,  W.  Eckler.     Der 
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EisenbuH.  vol.  3,  no.  10,  p.  372.  October  1912.  tJ  pp.,  7  figs.  tleh).  A  gen- 
eral and  liistorical  sketch  of  the  sand-bJasting  machine  practice.  The 
author  quotes  data  of  tests  which  show  that  sand-blasting  is  superior  to 
steel  brushes,  or  to  repeated  bending  for  cleaning  of  iron.  As  to  the 
efficiency  of  compressed  air  sand-blasting  machines,  he  gives  the  following 
information.  With  average  pressure  of  1  to  1.2  atmospheres,  and  good 
sharp  sand  the  following  areas  per  hour  have  been  cleaned : 

Diameter  of  Nozzle.  ^— Area  Cleaned. ^ 

Mm  In.  Qm.  Sq.  ft. 

G  0.236 2  to     3  21.5  to     32.3 

lU  O.WS 4  to     6  43.0  to     64.5 

16  0.629 10  to  15  107      to  160 

Cp.  also  \Vm.  T.  Magruder,  Tests  of  a  Sand-Blasting  Machine,  Trans.  Am. 

Soc.  M.  E..  1911,  p.  821. 

Mechanics 

Theoretical  Conditions  for  the  Installation  of  Change  of  Speed 
(Conditions  theoriqucs  dc  rctablisscnunt  d'un  changeinent  dc  vitcsse,  G. 
Lieuhard.  La  Technique  automobile  ct  a6rienne,  vol.  7,  no.  81,  p.  132. 
September  15,  1912.  3  pp.,  4  figs.  mt).  A  theoretical  investigation  of 
the  principles  of  speed  changing,  mainly  with  regard  to  automobile  engines. 
The  author  comes  to  the  following  conclusion :  the  car  must  be  so  con- 
structed and  1I71-'  (reduction  due  to  the  change  speed  gear  box  times 
reduction  due  to  the  pinion  and  crown  wheel  of  the  differential)  so 
selected  that  the  speed  of  the  motor  should  correspond  to  its  maximum 
capacity  while  the  torque  should  be  but  slightly  below  its  maximum 
value.  With  this  condition  satisfied,  within  its  normal  range  the  motor 
will  use  its  maximum  capacity  at  the  highest  efficiency. 

A  Study  of  Cardan  Shaft  Drives  (Etude  siir  les  transmissions  par  car- 
dan, A.  Contet.  La  Technique  automobile  et  a^rienne,  vol.  7,  no.  81,  p.  135. 
September  15,  1912.  3  pp.,  5  figs.  t).  The  author  investigates  various 
tj'pes  of  Cardan  drices,  and  finds  that  the  single  joint  Cardan  drive, 
though  apparently  unsatisfactory,  is  really  not  so  bad.  When  the  cardan 
shaft  is  long,  the  .ioint  works  at  small  angles,  and  with  an  elastic  shock 
absorber  suitably  placed,  may  give  very  good  results :  the  above 
mentioned  precautions  reduce  the  wear  of  the  tires  due  to  speed  varia- 
tions to  a  minimum,  while  the  simplicity  and  ease  of  operation  of  the 
simple  cardan  drive  cannot  be  neglected.  The  author  further  examines 
attempts  to  compensate  the  speed  variations  due  to  the  first  cardan  joint 
by  introducing  a  second  one  with  equal  and  opposite  variations.  Such 
a  com])ensation  is  absolutely  perfect  when  the  driving  and  driven  shafts 
are  strictly  parallel,  while  the  Intermediate  shaft  has  both  its  pinions 
in  the  same  plane  (Fig.  7A)  :  the  original  and  the  compensating  curves 
are  similar  throughout  though  of  opposite  signs,  and  the  resultant  is 
therefore  the  diameter  of  the  circle  itself.  Such  an  arrangement  has 
been  tried  on  an  automobile  by  Milde-Gaillardet  in  France,  but  it  was 
found  to  be  too  complicated  in  execution ;  besides,  the  large  number 
of  joints  favored  the  appearance  of  play,  and  that  produced  chattering. 
Still  less  satisfactory  was  the  solution  when  it  was  attempted  to  produce 
compensation  of  the  velocity  variations  simply  by  having  the  two  extreme 
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shafts  parallel  with  each  other,  Init  niakiiig  with  the  iiitcriiiediate  shaft 
au  angle  /3  (Fig.  7B),  with  the  pinions  of  the  intermediate  shaft  in  two 
planes  normal  to  each  other.  In  this  fignre  ,  is  the  angular  velocity 
of  the  driving  shaft,  ^j,  that  of  the  driven  shaft,  ^^,  that  of  the  inter- 
mediate shaft,  the  ratio  ^  is  expressed  by  the  continuous  thin  line,  the 

CO 

compensating  ratio  —   is  represented  by  the  dotted  line,  while  the  heavy 

COo 

line  shows  the  curve  obtained  by  summing  the  ordinates  of  both  curves. 
It  has  a  large  amplitude,  and  three  angular  points  which  indicate  a 
tendency  towards  shocks  and  rapid  wear  of  the  tires  on  the  car.  The 
author  investigates  in  a  similar  manner  the  cases  when  each  of  the 
shafts  makes  au  angle  ^  with  the  intermediate  shaft,  the  total  angle 
between   the  driving  and   driven   shafts   being   2/3 :    if  the   pinions  of   the 
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intermediate  shaft  are  in  the  same  plane,  the  curve  shown  in  Fig.  7C, 
is  obtained :  in  its  major  part  it  is  perfectly  flat  and  coincides  with 
the  diameter  of  the  circle,  but  it  has  the  disadvantage  of  liaviug  three 
points  of  angular  variation  where  sudden  changes  of  velocity  occur ;  when 
the  planes  of  the  pinions  are  normal  to  each  other,  the  ordinates  are 
simply  superimposed,  or  the  ordinate  of  the  final  curve  is  twice  that 
of  the  original,  and  not  only  is  tliere  no  compensation,  but  all  the  bad 
effects  of  the  original  arrangements  are  doubled.  The  author  believes, 
however,  that  with  long  shafts  and  small  angles,  the  arrangement  shown 
in  C  may  work  fairly  well. 

New  Bicycle  Bearing  (Bin  neues  Fahrradlager,  W.  M.  Dcr  praktische 
Maschinen-Kotistruktcur,  vol.  45,  no.  20,  p.  344.  September  26,  1912.  2  i)p., 
2  figs.  d).  Description  of  the  new  bicycle  ball  bearing,  without  cones,  used 
by  the  Deutsche  Waffen-  und  Munitionsfabriken  in  Berlin,  Germany. 

Reversible  Propellers  for  Large  Outputs  {Umsteuerschrauhen  fiir 
grosse  Leistungen,  W.  Helling.  Zeits.  des  Vereines  deutschcr  Ingenieure. 
vol.  56,  no.  37,  p.  1485.     September  14,  1912.  4^^  pp.,   15  figs.     dt).     In- 
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vestigation  of  the  iheuri  of  reversible  propellers,  and  difficulty  of  their 
applicatiuu  as  a  function  of  the  engine  output,  as  well  as  their  advantages 
as  compared  with  other  types  of  reversing  gear.  To  prove  the  incorrect- 
ness of  the  view  that  reversible  propellers  cannot  be  used  for  outputs 
exceeding  200  h.p.,  the  author  describes  the  gear  of  Theodor  Zeise  in 
Altona,  Germany,  consisting  of  two  reversible  propellers  for  the  normal 
transmission  of  1200  h.p.,  and  ISCO  effective  h.p.  as  a  maximum.  Such 
propellers  are  now  mainly  used  in  submarines  for  outputs  from  lOU  to 
1000  h.p. 

On  the  more  impobtant  Resonance  Phenomena  and  Theib  Experi- 
mental Reproduction  (Uber  ivichtigere  Resonanzerscheinungen  und 
deren  experimentelle  Vorfiihrung,  R.  Hartmann-Kempf.  Zeits.  fiir  den 
phys.  u.  chem.  Vnterricht,  no,  24,  1911,  p.  325,  through  Deutsche  Mechaniker- 
Zeitung,  no.  19,  p.  200.  October  1,  1911.  1^/2  pp.  e).  Description  of  appara- 
'tus  for  the  experimental  reproduction  of  resonance  phenomena,  mechani- 
cal, accoustical,  optical  or  electrical. 

Pressure  on  the  Walls  in  Silos  and  Gas  Producers  {Wanddruck  in 
Silos  und  ScJiachtdfen,  G.  Lindner.  Mitteilungen  iiher  Forschungsarbeiten 
auf  dem  Gehiete  des  Ingenieurivesens,  no.  124,  1912,  p.  1,  32  pp.,  42  figs. 
te).  Investigation  of  the  pressure  on  the  walls  of  cylindrical  containers, 
e.  g.  silos,  gas  producers,  blast  furnaces,  etc.  The  theory  of  earth  pressure 
cannot  be  applied  in  such  cases  directly  owing  to  the  small  diameter  of  the 
structures,  under  consideration.  The  author  indicates  a  simple  graphical 
method  for  the  solution  of  this  problem. 

Calculation  of  Arched  Plates  {Berechnung  gewolbter  Flatten,  H. 
Keller.  Mitteilungen  Uber  Forschungsarbeiten  auf  dem  Gebiete  des  In- 
genieuruesens,  no.  124,  1912,  p,  33.  50  pp,,  54  figs.  mt).  A  method  for 
calculation  and  design  of  bodies  with:  (c)  variable  thickness,  (b)  variable 
diameter  of  arching,  or  (c)  hole  in  the  middle.  The  author  solves  his 
differential  equations  by  an  approximate  "  Calculus  of  small  differences." 

Heavy  Belt  Drives  fob  Rolling  Mills  {Uber  schicere  Biemenantriebc 
far  Walzwerlcsanlagen,  W,  Schomburg,  Stahl  und  Eisen,  vol.  32,  no.  40,  p. 
1655.  October  3,  1912.  4  pp.  2  figs,  ce).  The  author  shows  why  belts, 
woven  and  made  of  thin  leather  tanned  with  oak  bark  in  vacuo,  have 
displaced  ropes  for  heavy  drives  in  rolling  mills,  and  gives  data  of  some 
tests  on  the  etficiency  of  such  belts.     (Cp.  The  Journal,  May  1912,  p.  798.) 

Reversal  and  Speed-Changing  Devices  {Changement  dc  marche  ct  de 
Vitesse,  O.  R.  Revue  de  mecanique,  vol,  31,  nos,  2  and  3,  pp.  1G2  and  207, 
August  31  and  September  30,  1912.  50  pp.,  177  figs,  d).  A  list  of  patents, 
American  and  foreign,  on  reversal  and  speed-changing  devices,  wltli  draw- 
ings and  brief  descriptions. 

Testing  and  Estimation  of  Lubricants  {Priifung  and  Bcwcrtung  der 
Schmiermittel,  Professor  Holde.  Zeits.  des  Vereines  deutscher  Ingenieure, 
vol.  56,  nos.  35  and  36,  pp.  1411  and  1460.  August  31  and  September  7, 
1912.  9  pp.,  7  figs.  hp).  Paper  read  by  the  author  before  the  Lower 
Rhine  Section  of  the  Verein  deutscher  Ingenieure.  A  brief  historical 
sketch  of  the  introduction  of  modem  lubricants  in  Germany  and  Austria 
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is  given,  followed  by  an  extensive  discussion  of  the  conditions  which 
lubricants  must  satisfy  for  particular  purposes.  There  were  cases  of 
explosions  occurring  in  compressor  cylinders  and  due  to  the  presence  of 
carbon  deposits  from  the  lubricating  oil,  even  though  viscous  mineral 
oil  containing  only  a  few  per  cent  of  neat's-foot-oil  was  used.  It  is  pos- 
sible, however,  that  in  such  cases  proper  cooling  of  the  compressor  cylinder 
was  neglected,  and  a  violent  oxidation  by  the  compressed  air  took  place, 
or  it  may  have  been  that  the  oil  was  not  thick  enough  or  had  too  low 
a  flash  point.  Thus,  in  one  case  submitted  to  the  Royal  Testing  Labora- 
tory, explosions  were  eliminated  when  for  oil  having  a  flash  point  of 
250  deg.  cent.  (482  deg.  fahr.)  was  substituted  one  with  a  flash  point 
of  300  deg.  cent.    (572  deg.  fahr.). 

Deposits  in  the  cylinders  of  steam  and  large  gas  engines  must  not 
always  be  credited  to  the  lubricating  oil.  In  the  deposits  on  steam 
engine  cylinders  iron  particles  and  particles  of  iron  oxides  have  been 
found  which  may  have  come  from  the  superheater,  while  the  presence 
of  large  grains  of  sand  and  metal  shavings  would  indicate  that  at  least 
some  of  the  deposit  is  due  to  the  action  of  the  piston  which  in  its 
rapid  motion  takes  off  all  the  irregularities  and  impurities  of  the 
cylinder  surface ;  there  are  as  a  rule  more  deposits  in  the  case  of  engines 
working  with  superheated  steam.  In  the  investigation  of  the  deposits  in 
the  mixture  valves  of  a  large  coke-oven  gas  engine  made  at  the  Royal 
Testing  Laboratory  by  H,  Schliiter,  there  were  found  no  traces  of  oil 
in  the  deposits  which  consisted  of  2/3  coal  tar  derivatives,  and  1/3 
inorganic  matter,  such  as  sand,  iron  particles,  etc.,  indicating  that  the 
gas  used  was  not  sufliciently  clean.  On  the  other  hand,  oil  is  often  the 
cause  of  trouble;  thus,  in  the  case  of  the  resinification  of  an  oil  used 
in  a  turbine  it  was  found  that  it  contained  an  excessive  amount  of 
soapy  matter  (corresponding  to  0.07  per  cent  ash,  while  the  percentage 
of  ash  in  clean  machine  oil  must  not  exceed  0.01).  The  oil  was  also 
found  to  contain  an  excessive  amount  of  organic  acids,  and  the  soapy 
matter  was  probably  produced  by  the  interaction  between  these  acids 
and  the  iron  of  the  machine. 

The  author  discusses  the  modern  views  as  to  the  chemical  testing  of 
lubricants,  in  accordance  with  the  views  of  Marcusson  and  Schwartz,  and 
describes  the  methods  and  apparatus  used  in  testing  lubricants. 

Ball  Beaeings  in  Mechanics  {Kugellager  in  der  Mechanik,  A.  Bau- 
schlicher.  Deutsche  Mechaniker-Zeitung,  no.  IS,  p.  1S9,  September  15, 
1912.  5  pp.,  4  figs.  dh).  General,  partly  historical  discussion  of  the 
design  and  application  of  ball  bearings,  telling  how  the  Deutsche  Waffen- 
nud  Mnnitionsfabriken  in  Berlin,  with  Professor  Stribeck's  assistance,  have 
gradually  developed  the  modern  form  of  ball  bearings  (for  Stribeck's 
formulae  see  W.  C.  Unwin,  The  Elements  of  Machine  Design,  London 
1909,  p.  333).  The  author  makes  the  following  recommendations  for 
putting  in  ball  bearings:  (a)  if  two  or  more  ball  bearings  are  used 
conjointly,  only  one  of  them  should  be  fixed  tight  axially,  i.  e.,  the 
outer  race  of  one  bearing  should  be  fixed  with  practically  no  play  while  all 
the  other  races  of  the  bearings  should  have  a  longitudinal  play  of  2  to 
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"»  mm  (0.078  to  0.19(5  in.)  in  accordance  with  the  length  of  the  shaft 
and  its  probable  expansion;  (h)  as  a  rule,  the  inner  races  are  fixed 
pretty  tightly  on  the  journal  of  the  shaft,  lint  heavy  one-sided  driving-on 
should  lie  avoided  because  it  expands  the  race  and  prevents  easy  running. 
The  outer  race  is  gently  introduced  into  the  bore  in  the  engine  frame, 
or  corresponding  place,  there  being  no  need  to  have  this  race  fixed  in 
any  way  since  the  friction  in  the  bearing  is  so  slight  that  there  is 
practically  no  tendency  for  the  outer  race  to  turn  with  the  balls;  (c)  in 
placing  footstep  bearings  care  should  be  taken  that  there  be  no  friction 
between  the  fixed  race  and  the  shaft  which  passes  through  it. 

The  following  recommendations  are  made  as  to  the  lubrication  of 
ball  bearings  and  keeping  them  free  from  dust:  (a)  only  lubricants  free 
from  acids  should  be  used,  while  vegetable  oils  (e.g.  rape-seed  oil)  and 
animal  fats  should  be  avoided,  because  they  are  apt  to  become  rancid  and 
produce    rusting    of    the    bearing;     {b)    for    high-speed    shafts    very    fluid 
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Fig.  8     Oiling  Arrangement  in  a   Footstep  Ball  Bearing 


mineral  oils  are  preferable  and  more  viscous  oils  for  slower  shafts; 
for  exceptionally  rapidly  revolving  ball  bearings  oil  bath  lubrication  should 
be  used,  with  not  too  much  oil ;  where  the  shaft  passes  through  the 
bearing,  the  oil  level  must  not  reach  the  shaft  since  the  bearing  itself 
and  particularly  the  cages  produce  powerful  eddies  iu  the  oil;  (c)  for 
the  very  large  number  of  cases  where  the  shaft  passes  through  the 
bearing,  single  or  double  safety  chambers  (stuiiing  boxes  in  the  case  of 
double  chambers  are  recommended)  ;  the  outer  one,  or  the  one  away 
from  the  bearing,  is  packed  with  felt,  while  the  one  towards  the  bearing 
serves  simply  for  catching  the  oil,  and  is  provided  with  a  hole  for  letting 
the  oil  flow  back  on  the  bearing;  ((/)  for  the  oil  bath  lubrication  of  foot- 
step bearings  the  arrangement  shown  in  Fig.  S  is  recommended,  since 
it  contains  a  special  outside  bush  which  helps  to  keep  the  ball  bearing 
immersed  in  oil,  the  latter  being  kept  always  at  a  certain  predetermined 
level. 

The   author   points    out    that    although    a    ball    bearing    can    run    for    a 
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certain  time  witliout  any  lubrication  at  all.  it  becomes  heated  and  wears 
rapidly  away;  its  cousumptlou  of  oil  is  only  1/10  to  1/15  of  wliat  an 
equivalent  bearing  witli  sliding  friction  would  take.  A  furtlier  advantage 
of  ball  bearings  is  tliat  should  they  become  worn  it  is  only  the  bearing  that 
is  injured,  and  not  the  shaft. 

Refrigeration 

Fl.vnge  Standards  (Flaiischrniiorniulien,  Zeits.  fur  die  gesamte  Kdlte- 
Inihistrie,  vol.  19,  no.  10.  p.  198.  October  1912.  5  pp.,  2  figs.,  and  one  table 
of  standard  dimensions,  g).  Draft  of  FlaiKje  Standards  for  ammonia  and 
sitlijhuroKs  oxide  pipinu  in  refrigerating  plants  submitted  to  the  German 
Refrigeration  Association  by  its  Committee  on  Flanges,  with  a  table  of 
proposed  dimensions.  The  Editor  calls  attention  to  the  fact  that  the  com- 
mittee based  its  standards  on  the  standards  for  flanges  of  the  Verein 
deutscher  Ingenieure  for  High  Pressure  Steam  of  1900;  the  Verein,  how- 
ever, lately  adopted  new  flange  standards  to  be  known  as  1912  Flange 
Standards  for  High  Pressure  Steam. 

Shop  Management 

Separation  into  elements  and  measurement  of  a  workman's  efforts. 
AND  THEIR  PRACTICAL  i.MPORTANCE  (Die  Zergliederuiig  und  Messung  von 
Arheitaleistiuig  mid  Hire  Bcdeutung  fur  die  Praxis,  A.  Neuburger.  Werk- 
stattstechnik.  vol.  6,  no.  20,  p.  529.  October  15,  1912.  3  pp.,  8  figs.,  e). 
The  French  Government  granted  some  time  ago  a  fund  of  approximately 
$10(X)  for  the  investigation  of  the  problem  of  scientific  management,  and 
A.  Imbert  of  the  University  of  Montpellier  has,  in  connection  with  this 
grant,  carried  on  a  series  of  investigations  the  data  of  some  of  which  are 
published  in  this  article.  His  aim  was  to  obtain  exact  measurement  of  the 
amount  of  work  spent  by  the  workman  on  his  job,  and  to  this  end  he  de- 
signed a  series  of  apparatus.  As  an  example  may  be  quoted  his  study  of 
the  process  of  transporting  sacks  by  a  wheelbarrow.  The  efforts  of  the 
workman  are  divided  as  follows  (Fig.  9A)  :  (a)  action  of  the  right  foot 
on  the  axis  of  the  wheel  to  place  the  wheelbarrow  in  an  upright  position ; 
(h)  the  action  of  the  right  hand  on  the  sack  producing  its  tilting;  (c) 
simultaneously  with  the  last,  action  of  the  left  hand  on  the  left  hand-bar 
of  the  barrow  to  load  the  .sack  on  tlie  barrow;  (d)  initial  effort  applied  at 
the  liand-bars  to  start  the  barrow;  (e)  effoi't  to  pusli  it  forward.  Eacli 
one  of  these  efforts  can  be  measured  separately ;  thus.  Fig.  9A  gives  some 
idea  how  the  efforts  in  h  and  e  are  measured :  by  a  suitable  system  of 
levers  and  springs  the  latter  are  made  to  exert  in  proportion  to  the  effort 
applied  a  pressure  on  a  rubber  ball  filled  with  air ;  this  drives  the  air  to  a 
special  registering  apparatus,  the  effort  being  later  determined  from  the 
reading  of  the  registering  apparatus.  Another  device  of  a  similar  nature 
for  measuring  the  work  of  a  filer  is  shown  in  Fig.  9B,  one  of  the  uses  to 
which  it  may  be  applied  being  the  determination  of  the  value  of  work  of 
apprentices  and  unskilled  laborers.  The  curves  in  Fig.  9C  present  a  full 
picture  of  the  work  of  a  skilled  workman  on  one  side,  and  an  apprentice 
on  the  other.  Curve  VII  shows  how  regular  and  uninterrupted  is  the 
motion  of  the  file  in  the  case  of  a  skilled  workman,   and  how  with  an 
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apprentice  there  are  always  dead  periods  between  each  forward  and  back- 
ward motion  of  the  lile.  The  curves  showing  the  pressure  exerted  by  the 
left  and  right  hand  are  of  particular  interest.  With  the  skillful  workman 
the  pressures  of  the  two  hands  are  in  perfect  accord,  very  different  from 
the  apprentice's  curves. 

Steam  Engineering 

Contribution  to  the  Criticism  of  Processes  of  Flow  in  Nozzles  and 
Distributors  {Zur  Kritik  der  Stromungsvorgdngen  in  Diisen  und  Leitappa- 
raten,  G.  Zerkowitz.  Zeits.  fiir  das  gesamte  Turbinenwesen,  vol.  9,  no.  25, 
p.  394,  and  no.  2G,  p.  410.  September  10  and  20,  1912.  7  pp.,  3  figs.  etA). 
Development  of  the  theory  of  flow  of  gases  through  nozzles  and  distributors, 
with  its  application  to  the  case  of  not  perfect  gases,  i.e.  of  the  equations 
of  Professor  Stodola  (Dampfturhinen,  4th  ed.)  and  Dr.  Christlein  (cp. 
The  Journal,  February  1912,  p.  310).  Owing  to  lack  of  space  the  mathe- 
matical reasoning  of  the  author  is  omitted,  and  only  a  condensed  report  of 
the  main  results  is  presented  here. 

Denoting  tlie  pressure  by  p,  specific  volume  by  v,  velocity  of  tiow  of  the 
fluid  (wet  or  superheated  steam,  gas,  etc.)  by  ^v,  heat  content  by  i,  velocity 
of  sound  by  iCs,  weight  of  the  fluid  flowing  through  the  nozzle  or  distribu- 
tor, in  kg  per  sec,  by  G,  cross-section  of  nozzle  by  /,  and  friction  work  per 
kg  by  R,  the  author  obtains  the  equation 

df 
aw         fdz 
wdz      w''  —  Wt* 

where  s  is  the  length  of  the  path  of  flow  along  the  axis  of  the  nozzle  and 
f  coefficient  of  resistance  which  the  author  defines  by  a  special  equation  in 
such  a  manner  as  to  make  it  independent  of  the  geometric  form  of  the 
nozzle  section.  The  above  equation  gives  the  variation  of  velocity  as  a 
function  of  the  length  of  the  path  of  fiow,  independently  of  the  nature  of 
the  flowing  liquid,  and,  together  with  Stodola's  equation,  permits  a  full 
analysis  of  the  process  of  flow.  This  equation  permits  also  of  the  deter- 
mination in  what  part  of  the  nozzle  the  velocity  of  flow  becomes  equal  to 
that  of  sound.  With  w  =  Ws,  the  denominator  in  the  above  equation  be- 
comes equal  to  zero,  but  since  the  accelei-ation  cannot  physically  become  in- 
finite, the  numerator  in  that  equation  must  also  become  zero,  or 

fdz 
which  determines  the  position  of  the  section  of  the  nozzle  at  which  the 

velocity  of  flow  is  equal  to  that  of  sound.     Further  since   J-  can  have 

fdz 
only  one  positive  value,  the  flow  can  reach  the  velocity  of  sound  only  at 
a  certain  cross-section  in  the  interior  of  a  divergent  tube.  The  author 
further  points  out  that  for  a  cylindrical  tube,  if  the  coeflicient  of  resistance 
were  equal  to  zero,  both  pressure  and  velocity  would  be  constant  while  in  a 
tube  with  a  section  of  minimum  cross-section  the  "  acoustic  "  section  might 
be  expected  to  coincide  with  that  minimum  cross-section,  though  In  prac- 
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Fig    9a      Device  tor  Measuking  the  Work  of  a  Man  Loading  a  Wheelbarrow 


Fig  9b     Device  fob  Measurinq  the  Work  of  a  Filer 
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tice  the  velocity  of  flow  does  not  reach  that  of  sound  at  that  section  owing 
to  the  non-negligihle  resistances  in  front  of  the  niininuiiu  section  observed 
by  Christlein  in  liis  Charlottenburg  experiments.  Tlie  difference  between 
the  author's  formula  for  the  position  of  the  "  acoustic "'  section  and  that 
of  Lorenz  (Technische  Warmelefwc,  1904)  is  explained  by  the  fact  that 
while  the  author  deals  with  velocity  of  sound,  Lorenz  uses  adiabatic 
velocity  of  sound.  The  important  distinction  between  the  two  is  that 
adiabatic  velocity  of  sound  is  entirely  independent  both  of  the  resistances 
in  the  piping  and  the  variation  of  the  cross-section  along  the  axis  of  the 
pipe,  while  this  cannot  be  said  of  the  velocity  of  sound  iCs  such  as  the 
author  is  using.  The  author  expresses,  however,  some  doubt  as  to  whether 
either  of  these  sound  velocities  has  really  any  bearing  on  the  actual  process 
of  pressure  variations. 

By  a  further  investigation  of  the  case  of  perfect  gases  the  author  shows 
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Fig.  9    Devices  for  Measuring  the  Efforts  of  Workman,  and  Curves  showing  Work  of 

A  Filer 

1  Metronome  record 

2  Horizontal  component  ot  the  action  of  the  left  hand 

3  Vertical  component  of  the  action  of  the  left  hand 

4  Horizontal  component  of  the  action  of  the  right  hand 

5  Vertical  component  of  the  action  of  the  right  hand 
0      Variation  of  pressure  on  the  vice 

7     Forward  and  backward  motion  of  the  file 

that  the  sound  velocity  tVs,  which  in  the  case  of  polytropic  expansion  coin- 
sides  with  the  velocity  of  flow,  is  a  function  of  the  exponent  of  the  poly- 
tropic expression,  and  that  it  depends  further  not  only  on  the  initial  state, 
but  also  on  resistances. 

The  second  part  of  the  article  is  devoted  mainly  to  a  recapitulation  of 
former  experiments  on  the  flow  of  steam  through  nozzles  and  on  "  clearance 
expansion"  (l^paltextjunsion),  with  particular  regard  to  the  experiments  of 
Christlein  above  referred  to. 

Influence  of  Naphtha  on  Locomotive  Boilers  {VliyanUje  ncfti  na 
parovoznye  kotly,  B.  Artzish.  BuUetiit  of  the  Pennancnt  Coinmittec  of  the 
Conferences  of  Representatives  of  Russian  Railroads  {in  Russian),  no. 
8,  p.  700.  August  1912.  3  pp.,  1  tig.  p).  It  was  for  some  time  a  common 
practice  on  the  Russian  railroads  to  pour  naphtha  (10  to  40  lb.  at  a  time) 
into  locomotive  boilers  after  washing  them  out  or  after  the  boiler  was 
put  up  for  the  first  time  after  coming  out  of  the  repair  shop.  Sometimes 
naphtha  (10  to  15  lb.)  was  introduced  into  a  boiler  which  had  not  been 
washed  for  a   long  time,   the  purpose  being  to   prevent   throwing  due  to 
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violent  forumtiou  of  steam  owiug  to  the  dirty  condition  of  tlie  boiler. 
(Jenerally,  however,  tlie  nuplatlui  wtis  used  because  it  was  supposed  to 
break  up  the  scale  in  the  boiler,  and  because,  carried  with  tlie  stesim  iuto 
the  cylinder,  it  acted  as  a  .supplcinciitarij  lahiinutt  for  the  llirottlc,  many 
engineers  finding  the  regular  throttle  lul»ricatiou  by  the  throttle  lubricat- 
ing cup  insuthcient.  It  was  found  that  naphtha  remains  in  a  boiler 
some  time,  and  traces  of  it  were  found  in  the  water  level  indicator  even 
after  two  regular  runs. 

The  author  considers  such  application  of  naphtha  as  positively  in- 
jurious to  the  boiler,  because,  as  was  found  in  the  tests  made  by  Professor 
llirscli  in  I'aris,  the  presence  of  even  a  very  thin  layer  of  mineral  oil 
on  the  boiler  sheets  raises  the  temperature  of  the  latter  considerably, 
and  while  the  amount  of  water  evaporated  was  found  to  fall  off  about 
20  per  cent,  as  compared  with  the  case  of  the  boiler  filled  with  clean 
water  only,  the  temperature  of  the  boiler  sheet  was  about  ISO  deg. 
fahr.  higher  than  in  the  latter  case.  This  explains  why  lumps  of  hard 
scale  separate  from  the  boiler  walls  more  easily  in  the  presence  of 
naphtha,  aud  also  why  there  were  so  many  cases  in  the  Russian  boiler 
practice  of  fractures  of  staybolts,  cracks  in  flues,  etc.,  all  this  being 
due  to  overheating  produced  by  the  presence  of  a  layer  of  naphtha  on 
the  heating  surfaces  of  the  boiler.  This  is  further  pi'oved  by  fractures  at 
the  joints  of  the  tire  tubes  owing  to  melting  of  the  solder,  notwithstanding 
its  being  made  of  two  parts  copper  and  one  part  zinc  and  melting  at 
425  deg.  cent.   (797  deg.  fahr.)   and  higher. 

Scale  in  Steam  Boilers  :  Methods  of  Removing  it  and  Preventing 
ITS  Formation.  (Les  incnistatiuns  ilans  Ics  cltaudieres  a  vapeur.  RemMea 
curatifs  et  precentifs,  Gaillard.  Association  des  ing^nieurs  electriciens 
sortis  (le  I'Institut  Electrotcchiiique  Montefiore,  Bulletin,  vol.  12,  series 
3.  no.  0.  p.  229.  June  1912.  70  pp.,  25  figs.  (ip).  A  very  complete  and 
interesting  discussion  and  description  of  various  methods  of  scale  pre- 
vention and  removal,  and  apparatus  used  in  this  connection.  Only  appara- 
tus of  proved  practical  value  or  historical  interest  are  considered. 

Tests  for  Determining  the  Rating  of  Heating  Boilers  (Versuche 
zur  Enitittlung  von  Ileizkessel-Lcistiiiigcn,  W.  P.  Hanstechnische  Rund- 
schau, vol.  17,  no.  7,  p.  71.  October  1,  1912.  3  pp.,  4  flgs.  ep).  Brief  dis- 
cussion of  the  proceeding  in  testing  heating  boilers  based  on  the  respective 
chapters  in  the  book  of  de-Grahl :  "  Wirtschaftlichkeit  dcr  Zentralheiz- 
ung." 

Substitution  of  Compressed  Air  for  Steam  in  Oil  Burning  Furnaces 
(Substitution  de  Fair  cornprime  a  la  vapeur  d'eau  dans  Ics  foyers  a  com- 
bustible Viquide,  Auguste  Lievin.  La  Technique  moderne,  vol.  5,  no.  8,  p. 
294.  1/4  p.,  2  figs.  de).  V.  S.  Xazaroff,  engineer  of  the  Transcaucasian 
Railroads,  Russia,  has  substituted  compressed  air  for  steam  in  the  atomiza- 
tion  of  liquid  fuel,  his  arrangement  as  applied  to  a  locomotive  being  shown 
ill  Fig.  10,  where  C  is  the  compressed  air  tank,  b  fuel  pipe,  and  B  fuel 
tank,  the  fuel  used  being  mazout,  or  residues  of  rock-oil.  The  disadvan- 
tages which  were  found  in  the  use  of  steam  for  the  atomization  of  liquid 
fuel  consisted  in  trouble  and  loss  of  time  in  starting ;  explosions  in  the 
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furnace  produced  by  the  condensation  of  some  of  the  derivatives  of  the 
fuel  used  forming  highly  explosive  mixtures,  and  not  infrequently  burning 
the  firemen ;  dissociation  of  steam  in  the  hottest  part  of  the  furnace  with 
the  formation  of  a  gaseous  mixture  which  on  recombining  produced  noises 
like  pistol  shots.  All  this  is  said  to  be  eliminated  when  compressed  air  is 
used  instead  of  steam,  and  further  an  economy  of  38  per  cent  in  the  con- 
sumption of  fuel  is  secured.  In  view  of  the  latter  statement  the  Editor 
calls  attention  to  the  data  on  the  use  of  compressed  air  for  this  purpose 
contained  in  Mr.  Howard  Stillman's  paper  on  Locomotive  Practice  in  the 
Use  of  Fuel  Oils,  Trans.  Am.  Soc.  M.  E.,  vol.  33,  1911,  p.  49.  The  article  in 
La  Technique  moderne  does  not  contain  full  data  of  any  tests. 

Concerning  Heating  Flues  in  Steam  Boilers  ( Uher  Reizkandle  im 
Dampfkessel,  P.  Koch.  Der  ijraktische  Mascliineti-Konstrukteur,  vol.  45, 
no.  21,  p.  358.  October  10,  1912.  ly^  pp.  p).  In  passing  from  pit  coal  to 
lignite  or  vice  versa  the  grate  arrangement  is  sometimes  changed  while 
the  heating  flue  cross-section  is  left  as  it  is.  The  author  shows  by  a  de- 
tailed calculation  that  the  flue  cross-section  which  may  be  entirely  satis- 
factory in  one  case  proves  to  be  wrong  in  another,  and  prevents  the  boiler 
from  utilizing  the  fuel  to  its  best  advantage. 

Induced  Draft  Installations  (Saiigzuganlagen,  G.  Hilliger.  Zeits.  fur 
Dampfkessel  und  MascJtinenbetriel),  vol.  35,  no.  40,  p.  417.  October  4,  1912. 
^V2  PP>  9)-  General  discussion  of  the  application  of  induced  draft  in 
steam  boiler  plants,  with  some  particular  references  to  the  Prat,  Schwabach 
and  Babcock  and  Wilcox  types. 

Counter  Current  Condensers  for  Dry  Condensation  {Geyenstroni-Kon- 
densatoren  fiir  trockene  Kondensation,  M.  Saalfield.  Der  praktische 
Maschinen-Konstrukteur,  vol.  45,  no.  20,  p.  334.  September  26,  1912.  1  p., 
1  fig.  and  a  sheet  of  drawings,  d).  Description  of  some  German  counter- 
current  condensers,  such  as  are  used  in  ^the  sugar  and  chemical  industries. 

A  Convenient  Control  of  Steam  Consumption  of  Turbines  (Betriehs--^ 
mdssige  Dampfverbraiicliskontrolle  an  Turbinen,  K.  Schultze,  Zeits.  fiir 
das  gesamte  Turbinenwesen,  vol.  9,  no.  28,  p.  442  .  October  10,  1912.  3  pp., 
1  fig.  epA ) .  Absence  of  a  constant  control  of  steam  consumption  may  lead 
to  heavy  losses  since  one  leaky  valve  or  steam  connection  will,  in  a  year's 
operation,  make  quite  an  appreciable  difference  in  the  cost  of  power.  On 
the  other  hand  the  only  way  to  control  the  steam  consumption  up  to  now 
was  by  means  of  steam  meters,  and  their  heavy  cost  makes  their  constant 
use  prohibitive.  The  author  who  had  to  determine  the  commercial  effi- 
ciency of  a  plant  in  actual  operation,  and  could  rely  only  on  such  help  as 
the  engineer  and  fireman  of  the  plant  could  render,  with  the  engineer  hav- 
ing to  attend  not  only  to  two  1000-kw.  turbines,  but  also  to  an  electric 
switchboard,  had  to  work  out  some  process  that  might  be  applied  under 
such  conditions  and  also  under  the  usual  operative  conditions  in  commercial 
plants.  His  process  was  based  on  the  fact  that,  when  P2<0.58p„  or  ratio 
of  pressures  is  below  the  critical  limit  already  in  the  first  distributor,  the 
steam  consumption  per  second  is  expressed  by  the  formula 


Crsec  — 
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vvliere  Fmu  is  the  miuimum  cross-section  of  ttie  distributor  in  square  meters, 
/>,  pressure  iu  atmospheres  absolute  immediately  in  front  of  the  distributor, 
G  turbine  constant,  which  for  steam  temperatures  from  250  to  300  deg.  cent. 
(482  to  572  deg.  fahr.)  varies  between  200  and  208,  while  Vi  is  determined 
from  the  equation 


fi=0.0047 0.075 

Pi 


fff 


+0.001 


where  T  is  the  absolute  steam  temperature  in  front  of  the  distributor. 

The  author's  experiments  were  made  on  two  1000-kw.  German  General 
Electric  Company,  Curtis  type,  turbines  with  throttling  governing,  eight 
nozzles  permanently  open,  and  eight  more,  in  two  sets  of  four  nozzles  each, 
opened  or  closed  by  hand.    Readings  were  taken  every  hour  by  the  engineer 


Fig.   10     Nazaroff  System  of  Atomizing  Fuel  by  Compressed  Air 


or  his  assistant,  who  filled  out  the  first,  second,  fourth  and  fifth  columns 
of  Table  1,  the  rest  of  the  work  being  done  mostly  by  slide  rule  later  in 
the  ofiice.  The  author  points  out  that  a  large  part  of  this  work  can  be  done 
by  girls,  and  that  it  takes  only  24  minutes  to  complete  a  24-hour  table  of 
steam  consumption  from  the  data  furnished  by  the  engine  room.    Values  of 

Vt 

—  are  not  calculated,  but  determined  from  a  special  chart,  such  as  is  given 

Vi 

in  Fig.  11. 

It  is  evident  that  the  correctness  of  this  method  depends  to  a  material 
extent  on  a  correct  knowledge  of  i^min,  and  the  author  points  out  that  data 
furnished  by  the  manufacturers  «re  not  to  be  relied  on  in  this  respect  since 
contractions  in  the  nozzles  are  liable  to  occur  either  through  accumulations 
of  burned  oil,  or  owing  to  disintegration  of  the  metal  itself  which  partly 
honeycombs  the  orifice  of  the  nozzle.  This  would  lead  to  the  calculation 
indicating  a  higher  consumption  of  steam  than  is  actually  the  case,  but 
even  that  does  not  deprive  the  method  of  its  value  which  lies  mainly  in 
indicating  fluctuations  and  thus  aiding  the  discovery  of  leaks  and  other 
irregularities  of  operation  and  not  in  measuring  the  actual  average  con- 
sumption of  steam. 
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TABLE   1     STEAM  CONSUMPTION  OF  TURBINE   NO.   1,  FEBRUARY   12.  1912 
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Fig.    U       a/^'     Chart 
Fi 

Strength  and  Testing  of  Materials 

ToRTAHLE  Hydraulic  I'ress  in  Testing  o^  Materials  {Dig  transport- 
able hi/draiilischc  Prcssc  im  Materialpriifiiiigsircscn,  E.  Gebauer.  Toii- 
industric-ZcitKiig,  vol.  36,  no.  117,  p.  1585.  October  3,  1912.  2  pp.,  0  figs.  dp). 
Description  of  tlie  portable  hydraulic  press  for  testing  of  materials  and 
its  applications.  Tlie  press  installation  described  consists  of  the  hydraulic 
press  proper  with  a  manometer,  a  high-pressure  hand  pump,  and  beams 
for  placing  the  press  on  its  foundations.  The  press  is  of  simple  construc- 
tion, having  a  long  cylinder  with  a  cylindrical  piston,  with  leather  packing. 
The  cylinder  Is  made  to  permit  a  long  useful  stroke  of  the  piston,  which 
is  of  advantage  when  a  long  deflection  of  the  piece  tested  has  to  be  pro- 
duced, e.  g.  in  the  case  of  a  reinforced  concrete  beam  stressed  up  to  rup- 
ture. The  cylinder  is  of  steel  casting,  and  the  whole  installation  is  de- 
signed so  that  pressures  up  to  300  kg/qcm    (4270  lb.  per  sq.  in.)    may  be 
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easily  juaiuUiiiieil,  witluniL  ilriviiij,'  the  puiui)  loo  lasl  in  order  to  replace 
losses  of  water  escaping  tlironyh  untiglit  places. 

Tksts  of  Keinfokceu  Concrete  Beams  {Versuvlic  luit  Eiscnbctunbalken, 
C.  Bacli  and  O.  Graf,  MUleilunyen  iibcr  Forncltunysarbeiten  auf  dent,  Qe- 
bktc  lies  Iiiyciiiciinccscnn,  no.  322-120,  3912.  cA).  Fourtli  part  of  tlie 
publication  of  tlie  data  of  tests  made  by  tlie  autliors,  willi  iinnierons 
tables  and  illustrations.  'J'liis  is  considered  t(»  be  anmni;  llic  most 
Iborou^cli    lOuroiiean   investigations  of  this   matter. 

Thermodynamics 

J)ETEK.\[1NAT10N  OE  THE  COEFFICIENTS  OF  HEAT  TRANSMISSION  OF  PRINCI- 
PAL Isolating  Materials  {Di'tcrnihiulion  dcs  coefficient.'^  de  transmission 
calorifiqiics  des  principaux  friijorifiiijes.  M.  K.  Biquard.  Lc  G6nie  Civil, 
vol.  01.  no.  25.  p.  502.  October  19,  1912.  c).  From  a  paper  presented 
by  the  author  at  the  second  French  congress  of  Refrigeration,  at  Toulouse 
in  September  1912,  He  found  from  tests  made  at  the  laboratory  of  tlie 
Conservatoire  des  Arts  et  Metiers,  in  Paris,  the  following  values  for 
the  conductivity  between  0  and  30  deg.  cent.  (32  and  86  deg.  fahr. )  : 

/ Specific  Weisht. ^  CoefBcient 

r>b.  ppi-  of  Con- 

Kg/Cbm.  (^i.  Ft.  ductlvity. 

Kapok    (vegetable   cotton   from   .Tava) W.7  0.04  0.034 

Cork,    .-jrains 7S  4.7  0.040 

Cork    with    casein,    flrv 148  S.O  0.044 

Charcoal     ".      1S4  11  0.04.-> 

Cork    with    resin L'7.".  10.5  0.0.^.2 

Corrugated    cardboard ...  0.0.">2 

White    asbestos    fiber .57  .S.42  0.054 

Corrugated    asbestos    cardboard ...  0.072 

Cork   with    casein,    wet 280  16.8  0.088 

Cork    with    resin 810  18.fi  0.076 

Compressed     asbestos 1240  74.5  0.220 

Compressed     cellulose 142.5  85.5  0.210 

Bricks  made  of  asbestos  and  calcium  sulphate.  .  .    1148  68.5  0.850 

Clinker    bricks 1 400  84  0.400 

Soft     rock 1470  88  0.430 

By  interposing  air  spaces  between  vertical  layers  of  the  isolating  ma- 
terial non-conductive  walls  may  be  obtained  when  using  even  relatively 
dense  materials.  The  best  thickness  of  the  air  spaces  varies  between 
8  and  2.5  mm   (0.314  in.  to  say  1   in.) 

Supplementary  References 

Wazau  Dynamometer  (The  Journal,  May  1912,  p.  806).  For  detailed  de- 
scription see  Reichell,  Zeits.  fi'tr  Dompfkessel  und  M aschinenbelrieh,  vol.  35.  no. 
40,  p.  420,  October  4,  1912. 

Contribution  to  the  Problem  of  Mechanical  Testing  of  Soft  Rubber 
{The  Journal,  November  1912,  p.  1896).  Same  article  reprinted  in  Gummi- 
Zeihrnq,  vol.  27,  no.  1,  p.  2,  October  4,  1912.  Cp.  also  paper  by  Prof.  Memmler  on 
Mechanical  Tests  for  Rubber  in  The  Rubber  Industry,  report  of  the  proceedings 
of  the  International  Rubber  Congress,  London  1911,  p.  351. 
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ARTICLES  IN  PERIODICALS  i 

Copper  Gas  Engine,  Some  Details  of  the.  Power,  October  15,  1912.  2  pp., 
7  figs.     d. 

Describes  a  900-h.p.  engine,  giving  details  of  design  and  operation. 

Diesel  Engined  Vessels,  Performance  of  Notable  Sea-Going,  F.  Muller 
Van  Brakel.  International  Marine  Engineering,  September  1912.  3^  pp., 
4  figs.     d. 

Diesel  Engines,  Motor  Ship  Eavestone  Fitted  with  Carels.  International 
Marine  Engineering,  October  1912.     2  pp.,  3  figs.     d. 

Diesel  Engines,  Russian  High-Speed  Marine,  J.  Rendell  Wilson.  Interna- 
tional Marine  Engineering,  July  1912.     4  pp.,  5  figs.  .  d. 

Diesel  Oil  Engine,  Progress  of  the,  Rudolph  Diesel.  Engineering  News, 
April  4,  1912.    6^  pp.,  8  figs. 

Read  before  the  Institution  of  Mechanical  Engineers,  March  15,  1912. 

Junkers  Oil  Engine,  The,  F.  E.  Junge.    Power,  October  29,  1912.     3  pp.    d. 

Details  of  construction  and  operation  of  a  1000-h.p.  Junkers  oil  engine. 

Junkers  Oil  Engine  to  Marine  Work,  The  Application  of  the.  Inter- 
national Marine  Engineering,  July  1912.     3  pp.,  3  figs.     d. 

LuFT  Vorwarmung  BEi  Verbrennungskraft,  a.  Nougier.  Die  Gasmotoren- 
lechnik,  May  and  June  1912.    dmp. 

On  preheating  the  air  for  internal-conabustiou  engines. 

Oil  Fuel,  A  Great  Reservoir  of,  David  White.  Engineering  News,  October 
17,  1912.    2  pp. 

Fuel  oil  resources  of  the  different  shales. 

Oil  Motor  Ship,  The  Monte  Peneds,  Another  Transatlantic.  Engineering 
News,  October  24,  1912.     ^  p.,  1  fig.    d. 

General  description  of  new  vessel  of  the  Hamburg-American  line  for  New  York  and  Rio  Janeiro 
service. 


1  Opinions  expressed  are  those  of  the  reviewer,  not  of  the  Society.  Articles 
are  classified  as  c  comparative;  d  descriptive;  e  experimental;  h  historical; 
m  mathematical;  p  practical.  A  rating  is  occasionally  given  by  the  reviewer 
as  A,  B,  C.    The  first  installment  was  given  in  The  Journal  for  May  1910. 
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Oil  Ship  Christian  X,  New  Hamburg-American.    Engineering  News,  October 
3,  1912.    2  pp.,  2  figs. 

Describes  new  vessel  driven  by  two  8-cylinder  Diesel  engines  of  2500  total  horsepower. 

Power  Station  at  Kamata,  Japan,  Gas-Operated.    Engineering,  September 

20,  1912.    7  pp.,  16  figs.,  1  table,    d. 
SuLZER-DiESEL  Engined  Ship  FOR  New  York-Rio  Service,  J.  Rendell  Wilson. 

International  Marine  Engineering,  October  5,  1912.     5  pp.,  9  figs.     d. 
L'Utilization    de    la    Chaleur   d'Echappment,    Brabbee.      Die    Werkstatts 

Technik,  March  1,  15,  April  1,  1912.     5000  words. 

Review  by  Le  Mois  Scientifique  et  Industrielle  for  June  1912. 


REPORTS  OF  MEETINGS 

NEW  YOKK  MKETIXc;.  XOVEMBEK  12 
A  meeting  of  the  Society  was  lield  in  the  Engineering  Societies  Build- 
ing. New  Yorlv.  on  Noveniher  12,  at  whicli  a  paper  on  Measuring  Efficiency 
in  Manul'actnring,  was  presented  hy  the  author.  Edward  B.  Passano.  Mr. 
I'assano  advanced  a  theory  that  all  profit  should  be  treated  as  an  item  of 
expense.  All  loss,  through  inefHciency,  is  a  potential  or  a  positive  protit 
to  be  made  in  enterprise.  A  reduction  in  expense  of  business  increases  the 
actual  in-otit  and  increases  the  efficiency.  This  method  keeps  constantly  be- 
fore the  management  the  actual  value  of  each  unit  of  production  to  the 
organization,  ;uul  the  loss  through  inefficiency  which  is  a  potential  or  pos- 
sible protit.  When  a  new  method  is  being  tried  out,  such  a  system  will 
show  the  benefits  or  losses  which  are  expressed  in  actual  profit  or  loss  as 
the  work  progresses. 

The  paper  was  discussed  by  Harrington  Emerson,  H.  M.  Rowe,  president 
H.  M.  Rowe  Company,  Baltimore,  J.  M.  Foster,  Leroy  Tabor,  Edward  L. 
Suffern,  public  accountant,  of  New  York,  Chas.  B.  Going,  Wm.  Kent,  How- 
ard F.  Turrill,  of  Patterson  &  Ridgway.  New  York,  F.  A.  Waldron,  F.  W. 
Miller,  H.  L.  Gautt,  F.  B.  Gilbreth.  C.  Bowyer  Vaux.  of  the  Wistar  Insti- 
tute, Philadelphia,  and  A.  Hamilton  Church,  consulting  engineer,  of  New 
York. 

NEW  HAVEN  MEETING,  NOVEMBER  13 
A  meeting  of  the  Society  was  held  in  New  Haven  on  November  13.  1912. 
with  afternoon  and  evening  sessions.  At  the  first  session  which  opened  in 
the  Mason  Eaboratory  of  Mechanical  Engineering,  Sheffield  Scientific 
School,  at  three  o'clock,  E.  S.  Cooley  presided,  and  two  papers  on  the  Trans- 
portation of  Materials  in  Manufacturing  Plants  were  read  by  Herbert  L. 
Seward,  Jun.  Am.  Soc.  M.  E.,  of  the  Sheffield  Scientific  School,  and  F.  C. 
Bennett  of  the  Stanley  Works,  New  Britain.  The  former  of  these  was 
illustrated  by  lantern  slides.  These  were  discussed  by  C.  D.  Rice,  Har- 
wood  Frost,  W.  S.  Huson,  Prof.  L.  P.  Breckenridge.  E.  S.  Cooley,  Arthur 
Brewer,  C.  F.  Hutchiugs,  Calvin  W.  Rice  and  Mr.  Goldstein,  of  the  Link- 
Belt  Company,  Philadelphia.  A  feature  of  this  session  was  a  large  collec- 
tion of  catalogues,  i)hotographs  and  books  ilUistrating  all  types  of  convey- 
ing machinery,  and  an  extensive  bibliography  of  books  and  articles  on  the 
subject,  prepared  by  the  library  of  the  Engineering  Societies.  At  the 
conclusion  of  this  session  dinner  was  served  at  the  Yale  Dining  Club. 

The  evening  sessiou  opened  at  eight  o'clock  in  the  Mason  Laboratory  and 
r'alviii  W.  Rice.  Secretary  of  the  Society,  was  introduced  by  Prof.  Charles 
F.   Scott.     Mv.   Rice  spoke  on   llie  work  of  the  Society,   particubirly  of  the 
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local  branches,  and  of  the  coming  Annual  Meeting  and  the  Joint  Meeting 
to  be  held  in  Germany  next  summer. 

C.  E.  Booth,  chairman  of  the  Yale  Student  Branch,  who  followed,  spoke 
briefly  of  the  work  planned  by  the  students,  including  an  interesting  pro- 
gram. 

The  subject  of  the  evening,  Industrial  Education,  was  then  presented 
in  two  papers,  both  illustrated  by  lantern  slides,  one  by  Professor  Breck- 
euridge  and  the  other  by  F.  J.  Trinder,  principal  of  the  New  Haven  State 
Education  Shop,  describing  the  work  of  the  two  Connecticut  trade  schools 
at  New  Britain  and  Bridgeport.  The  subject  was  of  particular  interest 
locally,  as  it  is  now  under  consideration  in  New  Haven  with  reference 
to  the  public  school  system. 

The  entire  meeting  was  largely  attended,  more  than  150  being  present, 
some  of  whom  came  from  a  considerable  distance,  showing  the  wide  in- 
terest aroused  by  the  occasion. 

BOSTON   MEETING,   NOVEMBER   15 

At  the  November  meeting  of  the  Society  in  Boston,  held  in  Edison 
Hall  on  Friday,  the  35th,  Prof.  E.  F.  Miller  ]»resided.  The  paper  of  the 
evening,  Dry  Rot  in  Timber  Used  in  Slow  Burning  Construction,  was  pre- 
sented by  the  author,  Frederick  J.  Iloxie. 

On  account  of  the  extent  of  the  subject  Mr.  Hoxie  confined  him- 
fined  himself  to  the  types  of  fungus  growth,  roughly  classed  as  dry  rot,  and 
to  their  effect  on  the  timber  generally  used  in  mill  construction,  and  gave 
special  attention  to  yellow  pine.  In  the  beginning  he  called  attention  to 
the  fact  that  as  a  result  of  the  continued  demand  the  quality  of  timber 
available  for  mill  construction  is  constantly  growing  poorer,  also  to  the 
ditticulty  of  making  specifications  which  should  absolutely  insure  the  de- 
sired quality  of  timber  being  obtained  by  reason  of  the  wide  difference  in 
the  character  of  woods  covered  by  the  same  commercial  designation.  He 
rcommended  grading  of  lumber  according  to  the  number  of  annual  grain 
bands  and  the  specific  gravity,  rather  than  by  the  usual  botanical  desig- 
nations. While  dry  rot  is  not  as  common  as  other  less  troublesome  fungi, 
and  is  not  found  as  extensively  here  perhaps  as  abroad,  it  was  pointed  out 
ttiat  it  was  exceedingly  dangerous  because  of  its  tendency  to  develop  un- 
observed in  the  interior  of  sticks  and  at  points  where  they  were  built  into 
the  masonry.  The  relative  susceptibility  of  heart  aud  sap  wood  to  this 
infection  was  touched  upon,  also  effect  of  the  proportion  of  rosin.  It  was 
shown  how  the  infection  was  spread  to  sound  lumber,  both  through  faults 
in  piling  the  lumber  in  yards  and  also  when  assembled  in  the  building. 
The  author  called  attention  to  some  steps  which  might  be  taken  to  check 
the  infection  when  once  started,  and  suggested  that  usually  when 
infection  became  noticeable,  injury  had  already  gone  so  far  as  seri- 
ously to  weaken  the  structure.  Preventive  measures  were  more  strongly 
recommended  and  several  processes  of  treatment  of  lumber  were  dis- 
cussed. 

At  close  of  the  written  paper  Mr.  Hoxie  showed  a  large  number  of  slides 
illustrating  the  development  of  the  fungus  in  lumber  and  the  contributory 
part  played  by  the  rot  in  ruined  structures.    Several  of  these  slides  were 
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from   uiicTO-photograpbs  showing  very   clearly   the  spread   of  the  fungus 
through  the  structure  of  the  stick. 

Charles  T.  Main.  Mem.  Am.  Soc.  M.  E.,  referred  to  the  mischievous 
effects  of  painting  timbers  in  buildings  before  they  had  opportunity  to 
become  thoroughly  seasoned,  and  discussed  at  length  several  processes  for 
preserving  lumber.  Further  discussion  was  offered  by  Dwight  Seabury, 
Mem.  Am.  Soc.  M.  K.,  R.  A.  Hale,  member  of  the  Boston  Society  of  Civil 
Engineers,  and  others. 

STUDENT  BRANCHES 

ARMODK  INSTITUTE 

A  meeting  of  the  Armour  Student  Branch  was  held  on  November  6,  at 
which  Mr.  lioesch,  a  member  of  the  faculty,  presented  a  paper  on  Car- 
bureters and  Mixing  Valves,  covering  mixing  appliances  for  gas  engines 
and  a  large  number  of  carbureters  adapted  to  automobile  work.  lu  ad- 
dition to  lantern  slides,  Mr.  Roesch  showed  a  number  of  carbureters,  parts 
of  which  were  cut  away.  The  paper  was  discussed  by  E.  R.  Burley,  H.  A. 
Bohlander,  E.  S.  Libby,  H.  R.  Kuehn,  Chas.  Kehr,  and  D.  A.  Drozeski. 

COLUMBIA   UNIVERSITY 

At  a  meeting  of  the  Columbia  University  Student  Branch  on  October  30 
reports  on  power  plant  experience  were,  read  by  L.  Grossbaum  and  Howard 
Swallow,  and  practical  work  in  the  shops  and  drafting  rooms  of  represen- 
tative manufacturing  establishments  was  described  by  J.  Stuart  and  Mi-. 
Senkstaken. 

LEHIGH    UNIVERSITY 

A  paper  on  Natural  Gas  Investigations  in  the  Bureau  of  Mines,  by 
(jeorge  A.  Burrell,  was  read  at  a  meeting  of  the  Mechanical  Engineering 
Society  of  Lehigh  University  on  October  22,  and  discussed  by  Mr.  Mart 
and  Professor  De  Schweinitz ;  and  another  on  the  Fatigue  Fnihare  of 
Metals,  by  G.  F'.  I'pton  and  G.  W.  Lewis,  was  read  and  discussed  liy  Mr. 
Spencer. 

OUR)   S'l'A'l'E   UNIVERSITY 

The  members  of  tlie  Ohio  SI  ale  University  Student  Branch  wei-e  guests 
of  Prof.  F.  K.  Sanl)orn,  Mem.  Am.  Soc.  M.  E.,  on  October  21,  when  the 
regular  meeting  of  the  organization  was  held.  Prof.  Wni.  T.  Magruder, 
Mem.  Am.  Soc.  M.  E.,  was  unanimously  chosen  Honor.-iry  Chairman  of  the 
branch.  An  illustrated  account  of  his  trip  through  England  and  Scotland 
was  then  given  by  Professor  Magruder,  and  a  general  discussion  followed. 

PENNSYLVANIA  STATE  COLLEGE 
The  following  officers  have  been  elected  for  the  .year  l»y  tlie  I'ennsylvania 
State  College  Student  Branch:  President,  Jonas  F.  Blank,  Vice-President. 
Wni.  E.  Evans,  Secretary,  Guy  W.  Barger,  and  Treasui-er.  Gordon  R.  Reese. 
At  the  first  meeting  of  the  brancli  for  the  season,  held  on  October  18,  ad- 
dresses were  made  by  Dean  J.  I'.  Jackson,  and  Professors  Hugo  Diemer, 
J.  A.  Moyer,  A.  J.  Wood  and  J.  A.  Mease,  Members  Am.  Soc.  M.  E. 
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POLYTECHNIC    IMSTlTUTii    OF    liKOOKLYM 
On  JS'ovember  12,  an  illustrated  lecture  on  the  1910  Expedition  to  Mt. 
McKiuley  by  J.  H.  Cimtz  was  given  belore  the  Polyteclinic  Student  Sec- 
tion.    A  discussion   followed  in  which  Henry   I'riester,  B.  1j.  Ileustis,  Mr. 
Adler  and  others  particiiiated. 

SIBLEY  COLLEGE 
At  ttie  first  meeting  of  the  Sibley  College  Student  Branch  on  October  ID 
I'rof.  D.  S.  Kimball,  Mem.  Am.  Soc.  M.  E.,  spoke  on  Pittsburgh  and  Its 
Industries,  before  a  large  audience.  l>r.  William  Kent,  Mem.  Am.  Soc. 
M.  E.,  addressed  the  meeting  of  October  'M  on  the  \'aiue  of  Atfiliatiou 
and  also  on   E(lncalii»nal   Etticiency. 

UNIVERSITY"  or  ARKA]SSAS 

The  following  officers  were  elected  on  October  15  at  the  University  of 
Kansas  for  the  year  1912-1913 :  Honorary  Chairman,  B.  N.  Wilson,  Presi- 
dent, Miuto  McGill,  Vice-1'resident,  J.  G.  Buerkle,  and  Secretary,  Claude 
Bethel.  An  imi)roniptu  debate  on  the  subject,  Pesolved  that  the  recipro- 
cating engine  is  more  efficient  than  the  steam  turbine  for  sizes  below  500 
h.p.,  followed. 

At  a  meeting  on  November  5,  Minto  McCill  opened  a  discussion  on  high- 
carbon  steel,  in  which  various  juembers  of  the  branch  participated. 

UNIVERSITY  OE  CINCINNATI 
At  a  meeting  of  the  University  of  Cincinnati  Student  Branch  held  on 
November  1,  in  which  the  Student  Branch  of  the  American  Institute  of 
Electrical  Engineers  joined,  Mr.  Fishback.  sales  maanger  of  the  Electrical 
Controller  Company  of  Cleveland,  gave  an  illustrated  lecture  on  the 
Handling  of   Iron   and   Steel   by   Electrical   Methods. 

UNIVERSITY*    OF    ILLINOIS 

Charles  R.  Velzy  (Student  1914)  addressed  a  meeting  of  the  University 
of  Illinois  Student  Branch  on  October  HO,  on  the  Life  of  James  Watt,  which 
was  illustrated  with  lantern  slides.  On  November  12,  Mr.  A.  S.  Buyers  of 
the  mechanical  engineering  department  talked  on  the  Theory  and  Use  of 
the  Slide  Rule.     A  general  discussion  followed. 

UNIVERSITY'   OF   KANSAS 

A  meeting  of  the  University  of  Kansas  Student  Section  was  held  on 
October  24,  at  which  Prof.  C.  M.  Young,  of  the  Mining  Engineering  Depart- 
ment, read  a  paper  on  Explosives,  Nature  and  Composition,  which  the  mem 
hers  joined  in  discussing.  Two  papers.  The  Production  of  Petroleum  Oils, 
by  W.  H.  Tangeman  (Student  1910),  and  Oil  Burners,  by  Earl  Carson  (Stu- 
dent 1912),  were  presented  at  the  meeting  of  November  7  and  discussed  by 
those  I) resent. 

UNIVERSITY  OF  NEBRASKA 

A  paper  on  Manometer  and  I'iezometer  Tubes,  by  I'rof.  J.  1).  Hoffman, 
Mem.  Am.  Soc.  M.  E.,  was  presented  at  a  meeting  of  the  University  of 
Nebraska  Student  Branch  on  November  5,  and  was  discussed  by  L.  C. 
Lichty  and  B.  E.  Morley. 


EMPLOYMENT  BULLETIN 

The  Society  considers  it  a  special  obligation  and  pleasant  duty  to  be  the  medium 
of  securing  better  positions  for  its  members.  The  Secretary  gives  this  his  personal 
attention  and  is  pleased  to  receive  requests  both  for  iiositions  and  for  men.  Notices 
are  not  repeated  except  upon  special  request.  Names  and  records,  however,  are  kept 
on  the  current  otHce  list  three  months,  and  if  desired  must  be  renewed  at  the  end  of 
such  period.  Copy  for  the  Bulletin  must  be  in  hand  before  the  12th  of  the  month. 
The  list  of  ■■  men  available  "  is  made  up  from  members  of  the  Society  and  good  men 
not  members.     Information  will  be  sent  upon  application. 

POSITIONS    AVAILABLE 

0223  Departiuent  manager  wanted  in  a  large  works  near  New  York, 
making  light  metal  produt-ts  of  Iilgli  grade,  to  organize,  direct  and  control 
tlie  movement  of  product  tlirongh  the  plant,  including  regulation  of  stock 
and  shipment  of  orders.  Experience  in  mechanical  and  electrical  engineer- 
ing preferred,  and  training  in  up-to-date  methods  of  organization,  system 
and  management  essential,  (ilve  age.  educjition,  experience  and  references. 
Apply  through  Society. 

0224  "Works  superintendent  for  plant  employing  400  men,  manufacturers 
of  Corliss  engines  and  other  heavy  machinery.  Entire  charge  of  plant  will 
be  given  competent  superintendent.     Apply  through  Society. 

0225  Commercial  engineers  for  lubricating  oil  business.  Should  be 
technically  inclined,  witli  good  selling  experience  and  acquaintance  with 
manufacturers.     New  York  State  and  Connecticut. 

0226  Assistant  to  purchasing  agent,  to  take  care  of  engineering  specifi- 
cations and  contracts  and  act  as  consulting  enghieer ;  position  calls  for  gen- 
eral experience  in  mechanical  engineering  and  in  all  matters  relating  to 
construction.     Location  New  York  State. 

0227  Competent  engineer  as  assistant  to  chief  engineer  in  charge  of 
power  plants,  regular  steam  and  electrical  equipment  and  large  amount  of 
both  absorption  and  compression  types  of  refrigerating  machinery.  Thor- 
oughly competent  man.     Location  New  York  State. 

0228  Expert  on  design  of  automatic  machinery,  who  has  been  success- 
ful along  tliis  line. 

0229  Y'oung  man.  technical  education,  few  years"  i)ractical  experience 
in  connection  with  boiler  room  work,  for  testing  and  investigating  along 
lines  of  perfecting  combustion. 

0230  Tool  designer,  experienced  man  on  modern  cutting  shapes  and  heat 
treatment,  capable  of  maintaining  tool  equij)mont  in  most  economical  man- 
ner and  supervising  tool  room  work.  State  fully  cxiterionce.  present  em- 
ployment and  salary. 

0231  High   class  draftsman  and  desigiUT  of  factory   layout   and  special 
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machinery,  to  carry  out  ideas  in  highly  confidential  capacity.  Prefer  man 
of  at  least  15  years'  experience  in  shop  practice  and  designing.  Apply 
through  the  Society. 

U232  Coniitetent  man  to  take  charge  of  experimental  department  work- 
ing Hi  touch  with  the  manufacturing  department  in  view  of  devising  and 
remodeling  ail  types  of  harvesting  machinery,  including  tillage  implements. 
Uue  who  has  had  large  experience  in  the  field  preferred,  or  a  mechanical 
engineer  witli  extensive  shop  experience  in  designing  and  constructing 
various  types  of  machinery  and  capable  as  an  organizer  and  superintendent. 

0233  Designer  capable  of  handling  di-aftsmen  and  producing  results. 
Certain  amount  of  shop  experience  would  be  an  advantage,  with  experi- 
ence in  industrial  plant  work.  State  salary  expected  and  give  complete 
references.     Apply  through  the  Society. 

0234  Mechanical  engineer  having  experience  in  designing  and  knowl- 
edge of  locomotive  work,  one  preferred  who  has  specialized  in  stoker 
design  and  manufacture. 

0235  Chief  of  bureau  of  gas  and  lighting  for  eastern  city.  One  with 
the  education  of  a  chemical  engineer  with  training  and  experience  of  a 
business  man  preferred.     Apply  through  the  Society. 

MEN    AVAILABLE 

538  Life  member,  35  years'  experience  in  designing  cutting  machines 
and  all  apparatus  including  extracting  and  evaporating  devices  for  putting 
raw  material  into  marketable  products  of  dye  and  farming  woods,  desires 
position.  Has  installed  plants  for  economical  utilization  of  spent  wood  for 
generating  steam  used  in  the  plant. 

539  Member,  age  34,  wide  experience  in  design,  construction  and  super- 
vision of  power  plants,  piping  systems  and  general  factory  engineering, 
desires  position  as  works  engineer.  Power  plant  economy  and  efficiency  a 
specialty. 

540  Mechanical  engineer  or  superintendent  for  large  corporation  ;  ex- 
perience along  broad  mechanical  and  steam  |)ower  lines ;  executive,  with 
ability  to  handle  large  number  of  men,  or  will  consider  proposition  to  act 
as  consulting  engineer. 

541  Assistant  general  manager,  at  present  employed  in  this  capacity, 
technical  graduate,  10  years'  experience  in  combined  manufacturing  and 
engineering  sales  work,  seeks  responsible  executive  position,  preferably 
with  a  concern  manufacturing  a  standardized  product  rather  than  special 
work. 

542  Junior,  30  years  of  age,  Stevens  graduate,  desires  position  as  pub- 
licity manager  for  concern  manufacturing  engineering  machinery,  or  posi- 
tion of  similar  nature.  Has  had  three  years'  experience,  editor  of  trade 
paper,  also  general  business  experience. 

543  Mechanical  engineer,  experienced  in  design,  construction  and  main- 
tenance, competent  to  act  as  works  engineer. 

544  Member,  23  years'  experience  on  rolling  mills,  miscellaneous  steel 
works,  hydraulic  and  special  machinery,  desires  responsible  position.  Com- 
petent to  take  entire  charge  of  engineering  department  in  any  works  build- 
ing the  above  lines  of  machinery. 
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545  Member  with  15  years'  broad  mechanical  experience,  at  present 
employed  as  sales  engineer,  desires  change.  Qualified  for  assistant  super- 
intendent, chief  draftsman,  estimator  or  sales  engineer. 

546  Member,  technical  graduate,  age  37,  married,  wants  position  as 
manager.  At  present  employed.  Has  had  practical,  manufacturing  and 
sales  experience,  both  as  superintendent  and  as  sales  manager.  Has  thor- 
ough knowledge  of  production,  costs  and  manufacturing  processes.  Would 
prefer  nominal  salary  with  percentage  of  profits. 

547  Mechanical  engineer,  age  32,  married,  with  initiative,  resourceful- 
ness and  executive  ability ;  technical  education  and  experience  in  design, 
construction  and  erection,  estimating,  valuations,  purchases  and  testing ; 
investigations  and  reports,  general  and  special  machinery  and  Industrial 
plant  equipment,  special  proficiency  in  internal  combustion  motors.  Prefers 
location  in  moderate  sized  Eastern  city.     Salary  $3000. 

548  Junior  member,  29,  married,  twelve  years'  experience  in  shop  draw- 
ingroom  and  foundry,  five  years  in  executive  positions,  wishes  position  as 
assistant  superintendent  or  engineer.  Good  organizer,  designer  of  auto- 
matic machinery  and  foundry  equipment  for  large  production.  Thoroughly 
acquainted  with  operation  of  grey  iron  and  malleable  foundries.  Salary 
$1800. 

549  Mechanical  engineer,  member,  university  graduate,  25  years'  ex- 
perience in  the  building,  erection  and  managing  of  sugar  and  chemical 
plants,  designing  and  building  special  apparatus,  vacuum  and  condensing 
plants,  power  plants,  etc.,  will  consider  position  as  superintendent,  manag- 
ing engineer  of  industrial  plants,  or  take  charge  of  branch  office  for  equip- 
ment of  such  plants. 

550  Junior  member,  technical  graduate,  experience  in  fire  protection  and 
operating  department  of  large  light  and  power  company,  desires  position 
with  manufacturing  concern  or  consulting  engineer. 

551  Technical  graduate,  M.E.  and  C.E,  Wishes  to  take  charge  of 
machine  design  or  descriptive  geometry  departments  of  a  university  or 
technical  school.  Has  been  professor  for  a  number  of  years  in  machine 
design  and  descriptive  geometrj',  and  is  author  of  recent  text-books  on 
these  subjects.  Would  accept  position  as  mechanical  or  research  engineer 
in  manufacturing  plant,  consulting  and  testing  work.     At  present  employed. 

552  Junior  member,  with  three  years'  experience  in  heating  and  ven- 
tilating work  and  power  plant  installations  would  associate  with  archi- 
tect's or  consulting  engineer's  office,  taking  charge  of  some  line  of  work. 
Graduate  of  a  leading  Eastern  technical  school.     At  present  employed. 

553  Junior,  age  30  years,  technical  graduate,  with  experience  in  design, 
construction,  operation  and  maintenance  of  power  plants  and  substations, 
and  in  testing  electrical  and  other  machinery,  desires  responsible  position 
with  large  manufacturing  plant  or  with  contractors  doing  power  plant  or 
hydroelectric  work.     Salary  $175-$200  per  month. 

554  Mechanical  engineer,  extensive  practical  shop  and  commercial  ex- 
perience, expert  in  up-to-date  manufacture  of  interchangeable  machinery, 
can  reduce  costs  and  increase  production.    At  present  employed. 

555  Associate,  age  35,  desires  position  in  Philadelphia  or  vicinity.     At 
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present  employed  as  checker  in  drawini^rooni.     Experienced  in  civil,  struc- 
tural and  mechanical  lines. 

556  Mechanical  engineer  with  general  engineering,  construction,  rail- 
road and  factory  experience  desires  position.  Recently  engaged  in  valua- 
tion work. 

557  Technical  graduate  experienced  in  selling,  sales  supervision  and 
organization  desires  executive  sales  position.  Competent  In  design,  opera- 
tion and  sale  of  power  plant  equipment,  including  water  puritication. 

558  Member,  graduate  mechanical  engineer,  age  ot).  married,  desires  po- 
sition as  superintendent,  plant  engineer  or  purchasing  agent.  Has  technical 
and  commercial  knowledge  in  machine  shop  and  foundry  practice.  At  pres- 
ent employed.     Location  near  New  York.     Salary  .$3500. 

559  Member,  technical  graduate,  B.S.  and  M.E.,  at  present  employed, 
liighting.  heating  and  ventilation  preferred,  but  not  insisted  upon. 


ACCESSIONS  TO  THE  LIBRARY 

With  Comments  by  the  Libeabian 

This  list  includes  only  accessions  to  tin-  library  of  this  Society.  Lists  of  acPMs*- 
siuns  to  tbe  libraries  of  tlie  A.  I.  K.  E.  and  A.  1.  M.  E.  can  be  secured  on  request 
from  Calvin  W.  Uice,  Secretary,  Am.  Soc.  M.  E. 

American  Ceramic   Society.      Traus.   vol.   14.      Colmnhun,  1912.      Gift  of 

society. 
American  Society  of  Civil  Engineers.     Index  to  Trans,  vols.  1-74,  1807- 

1911.     New  York,  1911. 
The  American  Society  of  Mechanical  Engineers.      Trans,  vol.  .'U!,   1911. 

Xeiv  York,  1912. 
American  Wood  Preservers'  Association.     Pro.  Stb  Annual  Meeting,  1912. 

Baltimore,  1912.     Gift  of  association. 
Ameeikanische  HtJTTENWERKE,   Peter  Eyermann.       ^Yein,   1912.      Gift  of 

author. 
British  Fire  Prevention  Committee.      Red  Book  no.  109.     London,  1912. 
Cambridge  (Mass.)  Water  Board.     Report  for  tlie  year  ending  March  31, 

1912.     Boston,  1912.     Gift  of  board. 
Carels-Diesel  Engine.     Gift  of  W.  R.  Haynie. 

Concrete  Highways.     Philudelijhia,  1912.     Gift  of  Association  of  Ameri- 
can Portland  Cement  Manufacturers. 
^]lectric  Lighting  and  Miscellaneous  Applications  of  Electricity,  Wm. 

S.  Franklin.      New  York,  The  Macmillan  Co.,  1912. 

Ttiis  volume  is  particularly  interesting  in  that  although  it  iA  a  text  bool£  for  the 
use  of  students,  the  first  chapter  covers  installation  and  operation  costs  and  the  sell- 
ing price  of  electrical  energy,  thus  entering  in  the  very  beginning  into  a  discussion  of 
the  most  important  part  of  electrical  engineering.  Professor  Franklin's  book,  which 
is  intended  to  be  a  companion  volume  to  his  Dynamos  and  Motors,  is  evidently  in- 
tended to  be  used  by  his  students  in  Lehigh  University. 

Electric  Power  from  the  Mississippi  River.      Bull.  Nos.  1-7,   1911-1912. 

Keokuk,  1911-12.     Gift  of  B.  H.  Parsons. 
Elementary  Machine  Drawing  and  Design.      Wm.  C.   Marshall.      Nciv 

York,  McGraw-Hill  Book  Co.,  1912. 

Professor  Marshall's  book  has  been  planned  for  students  in  engineering  who  have 
had  a  previous  course  in  orthographic  projection,  but  who  have  not  yet  become 
acquainted  with  simple  machine  elements.  It  is  primarily  a  text  book  for  the  stu- 
dents in  the  Sheffield  Scientific  School  of  Yale  University,  but  will  undoubtedly  find 
large  acceptance  in  other  engineering  schools. 

Energy  and  Velocity'  Di.\grams  of  Large  Gas  Engines,  Their  Use  and 

Lay-Out,  Paul  L.  Joslyn.      Cincinnati,  Gas  Engine  Publishing  Co.,  1912. 

In  this  book  the  author  gives  the  methods  of  laying  out  energy  and  velocity  dia- 
grams for  large  engines  operating  on  blast  furnace,  producer  or  natural  gas,  with 
instructions  as  to  their  use,  etc.  The  data  given  are  the  result  of  actual  designing 
of  this  character  on  some  of  the  largest  engines  built  in  America  and  Europe  and 
will  be  found  of  inestimable  advantage  to  the  designer  working  on  engines  of  this 
character. 
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Die  Entbopie-Diagkamme  dee  Verbbennungsmotoben  einschliesslich  deb 

Gastubbia'e,  p.  Ostertag.     Berlin,  1912. 
Die  Existenz  deb  Molekule.     Expebimentelle  Studien,  The.     Svedberg. 

Leipzig,  1912. 
Flood  Wall  and  Modern  Wharf.      Location  and  Description.    Pittsburgh, 

1912.     Gift  of  Flood  Commission  of  Pittsburgti. 
Forscherarbeiten  auf  dem   Gebiete  des  Eisenbetons.      Ft.  20.      Berlin, 

1912. 
Grinding  Wheels.     Hartford,  1912.     Gift  of  Travelers  Insurance  Co. 
Hetch  Hetchy  Water  Supply  fob  San  Francisco,  1912.     Report,  Jotin  R. 

Freeman.     San  Francisco,  1912.     Gift  of  Jolin  R.  Freeman. 
Iowa  Street  and  Interurban   Railway  Association.      Pro.   8tti  Annual 

Convention,  1911.     Davenport,  1912.     Gift  of  association. 
Jahrbuch   deb  Motorluftschiff   Studiengesellschaft.      1907-1908,   1909- 

1910.  Berlin. 

Manchesteb  Steam  Usebs'  Association.     Memorandum  by  Chief  Engineers 

1911.  Manchester,  1912.      Gift  of  association. 

Mabket  Stbeet  Extension  Rapid  Tbansit  Tunnel,  undeb  Twin  Peaks 
Ridge,  Repobt  on,  Bion  J.  Arnold.  Preliminary  Report  No.  8,  submitted 
October  7,  1912.      1912.      Gift  of  author. 

Mechanical  Engineebing   Labobatoby   Manual,   Earl   B.   Smith.     Ed.   2. 

Philadelphia,  Drexel  Institute  Press,  1912.      Gift  of  author. 

The  author  states  that  his  endeavor  has  been  to  give  a  few  experiments  along  dif- 
ferent lines  that  would  serve  to  the  best  advantage  the  purpose  of  educating  young 
engineers,  and  not  to  give  them  a  great  store  of  information  but  to  teach  them 
principles.  Experiments  on  the  strength  of  materials  and  on  cement  testing  lias  been 
left  for  another  volume.  Some  of  the  experiments  contained  in  the  first  edition, 
which  was  issued  in  1900,  have  been  omitted,  several  have  been  revised  and  a  few 
added  to  the  second  edition. 

Mechanism,  R.  McA.  Keown.     New  York,  McOraw-Hill  Book  Co.,  1912. 
Metbopolitan  Seweeage  Commission  of  New  Yobk.      Report  1912.      New 

York,  1912.      Gift  of  commission. 
Modebne  Technik,  H.  Bliicher.     2  vols.    Leipzig,  1912. 
Modebne  Windturbinen,  Otto  Stertz.     Leipzig,  1912. 
Moteubs  a  deux  Temps,  L.  Ventou-Duclaux.      Paris,  1912. 
National  Machine  Tool  Builders'  Association.      Official  Report.      May 

1911,  October  1911,  Atlantic  City,  New  York  1911. 
National  Rivers  and  Haebors  Congress.      Pro.  8th  Annual  Convention, 

1911.  Cincinnati,  1912. 

New  Yobk  State  Education  Depaetment.  Souvenir  of  the  Dedication  of 
the  New  York  State  Education  Building,  October  15-17,  1912,     Albany, 

1912.  Gift  of  department. 

Der  Portland  Cement  und  seine  Anwendungen  im   Bauwesen,   F.   W. 

Biasing  and  C.  Schumann.      Berlin,  1912. 
Practicability,  Utility  and  Benefit  of  Railroads.     Inland  Transit,  N.  W. 

Cundy.     Ed.  2. 
Procuring  and  Maintaining  Foreign  Patents.      Washington,  1910.     Gift 

of  Alexander  and  Dowell. 
The  Rudder,     vol.  16,  1905.     New  York,  1905. 
St.  Louis  Railway  Club.     Official  Pro.,  vol.  1,  nos.  1-9;  vol.  2,  nos.  1-10; 

vol.  3,  nos.  1-11 ;  vol.  4,  nos.  1-2;  vol.  5,  nos.  1-12;  vol.  6.  nos.  1-12;  vol. 
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7,  nos.  1-12 ;  vol.  8,  nos.  1-12 ;  vol.  9,  nos.  1-12 ;  vol.  10,  nos.  1-12 ;  vol. 

11,  nos.  1-5,  7-12 ;  vol.  12,  nos.  1-12 ;  vol.  13,  nos.  1-10,  12 ;  vol.  14,  nos. 

1-12 ;  vol.  15,  nos.  1-2,  4-5,  7,  9-12 ;  vol.  16,  nos.  1-12.     St.  Louis,  1896- 

li)12.     Gift  of  St.  Louis  Railway  Club. 
Scientific  American,     vol.  2,  nos.  1-2.     New  York,  1846. 
Southwestern  Electrical  and  Gas  Association.    Gth  Annual  Convention. 

Papers,  Reports  and  Discussions,  May  12-14,  1910.     Dallas,  1910.     Gift 

of  association. 
Das  Steinkohlenqas  im  Kampf  qeuen  die  Verschwendunq  des  NationaLt 

vermogens,  Franz  Messinger.     1911. 
Text  Book  on  Roads  and  Pavements,  Frederick  P.  Spaulding.    Ed.  4.    New 

York,  J.  Wiley  d  Sons,  1912. 
Street  Pavements  and  Paving  Materials.     A  Manual  of  City  Pavements : 

the  Methods  and  Materials  of  Their  Construction.      Geo.  W.  Tillson. 

Ed.  2.     New  York,  John  Wiley  &  Sons,  1912. 

The  interest  of  the  mechanical  engineer  in  the  subject  of  roads  and  pavements 
must  be  due  largely  to  the  effect  on  these  surfaces  of  the  modem  automobile.  Pro- 
fessor Spalding's  work  deals  rather  with  the  country  road  than  with  the  city  pave- 
ment, whereas  Mr.  Tillson's  work  confines  itself  almost  entirely  to  the  city  pave- 
ments. The  latter  contains  an  interesting  chapter  on  the  construction  of  street  car 
tracks  in  paved  streets  and  roadways  which  should  be  of  interest  to  the  engineer  for 
electric  railways,  and  also  a  chapter  on  the  protection  of  pavements,  a  subject  which 
is  not  given  the  attention  it  should  have  in  the  United  States  of  America.  Both  of 
these  works  are  distinct  contributions  to  the  subject  and  should  receive  the  attention 
of  all  engineers. 

The  Tosi  Steam  Turbines.  Constructed  by  F.  Tosi.  Reprinted  from 
Engineering,  April  26,  1912.     London,  1912. 

La  Turbina  a  Vapore  "  Tosi  "  Maria,  F.  Modugno.     Roma,  1912. 

University  of  Pittsburgh.  Outline  of  the  Smoke  Investigation.  Bull. 
No.  1,  August  1912.     Gift  of  R.  C.  Beuuer. 

Western  Railway  Club.  Official  Pro.  1911-1912.  Chicago,  1912.  Gift 
of  club. 

What  is  a  Million  Dollars  to  the  City  of  New  York,  Anyway?  Corre- 
spondence with  Mayor  Gaynor  regarding  Tunnel  Construction,  Duncan 
D.  AIcBean.     Gift  of  author. 

Working  Plan  fob  Forest  Land  Belonging  to  the  City  of  New  Bedford 
ON  THE  Watersheds  of  Great  and  Little  Quittacas  Ponds.  New  Bed- 
ford, 1912.     Gift  of  R.  C.  P.  Coggeshall. 

UNITED    ENGINEERING    SOCIETY 

Geschafts-Bericht  der  Deutschen  Buchdruckeb  Berufs  Genossen- 
schaft  Jahr  1911.  Frankfort-on-Main,  1911.  Gift  of  Deutschen  Buch- 
drucker  Berufs  Genossenschaft. 

United  States  Catalog  Books  in  Print  January  1,  1912.  Ed.  3.  Minne- 
apolis-New  York,  H.  W.  Wilson  Co.,  1912. 

[3  EXCHANGES 

EcoLE  d' Application  du  G6nie  Maritime.     Cours  de  Machines  A  Vapeub. 

Vol.  1,  1910-1911. 
Cours  de  Construction  du  Navire.     Tome  II,  1910-12.      N.p.  n.d. 

(Exchange.) 
Institution  of  Civil  Engineers  of  Ireland.     Trans,  vol.  38.     Dublin,  1912. 
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I.\STlTLTlUi\   Ol'-  KNUINEKHS  AND  SHIPBI'II.DKRS    I  ,\    S(UJl,ANI».      Tl'MIlS.    Vol.    LV. 

Glaftgow,  1912.      (Exchange.) 
Institution  ok  Naval  Architki  is.     'l'r:ins.  vol.  54,  1912.      London.  1912. 
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Hess  liRioiiT  Mkg.  Co.,  Pliihulvlithiu,  I'n.  Vertical  shaft,  Sheet  l.'iA,  Cla.ss 
I  ;  marine  propeller  sliilft  bull  bearings,  Sheet  80;  mounting  for  double 
exhaust  fan,  Sheet  87.  Clas8  X  ;  two  direction  thrust  bearings,  medium 
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THE    WARNER    k    SWASEY    COMPANY 

Works  and  Main  Office  :  CLEVELAND,  OHIO 

Branch  Offices  :  New  York,  Boston  Detroit  and  Chicago 
TirkkBT^  SCREW  MACHINES 


TURRET  LATHES 


BRASS-WORKINO  MACHINE  TOOLS 


No.  8 — 35i"  bar  capacity;  20"  swing 


Turret    Screw     Machines 

Great  productive  capacity — adaptability   and   mechanical   refinement — the  result  of 
thirty  years'  specialized  experience  devoted  to  the  highest  standard  of  construction. 

Five  sizes — f  to  3|"  bar  capacity;  10  to  20"  swing. 

Turret  Lathe  equipment  planned — estimates  of  output  furnished — representative  will  visit  you. 


WHEELING  MOLD  &  FOUNDRY  CO. 


WHEELING,  W.  VA. 


DESIGNERS  AND   BUILDERS  OF 


Steel  Works  and 
Rolling  Mill  Equipment 


SPECIAL   MACHINERY 


Hydro-Electric  and  Lock  Gate  Work 
Valves,  Frames  and 
Operating  Mechanism 


STEEL  CASTINGS— machined  or  in  the  rough 
ROLLS — chilled,  sand  and  steel 


ESTIMATES   FURNISHED  PROMPTLY 


PITTSBURGH  OFFICE 
Farmers  Bank  Building 


NEW  YORK  OFFICE 
1401  Singer  Tower 


EXTRACTS  FROM  THE  BOOK  OF  THE 

COPIES  OF  THE  BOOK 
Multi-Stop  and  Double  Turners 

FIG.  1  illustrates  the  advantage  of  the  double  stop  for  each  position 
of  the  turret,  and  the  double  adjustment  of  each  turner.  This 
piece  has  six  finished  diameters  and  six  shoulders,  and  is  turned 
by  only  three  turners,  which  occupy  only  three  positions  on  the 
turret.  This  not  only  leaves  the  remaining  positions  free  for  other 
tools,  but  it  saves  the  operator  the  time  and  energy  required  to  run 
the  turret  slide  back  each  time. 

All  this  is  obtained  without  complication,  and  without  introduc- 
ing any  features  that  are  annoying  when  not  in  use. 

In  addition  to  the  double  stop  for  each  of  the  six  positions  of  the 
turret,  we  have  an  extra  stop,  consisting  of  a  pin  which  may  be 
dropped  into  any  one  of  the  six  holes  at  the  rear  of  the  turret  slide. 
This  makes  it  possible  to  borrow  five  extra  stops  for  any  one  of  the 
tools,  and  gives  to  this  tool  seven  length  or  shoulder  stops,  and  leaves 
one  stop  for  each  of  the  remaining  tools. 


Fig,  I 

The  illustrations,  Figs.  2  and  3,  give  examples  of  what  one  tool 
can  do  in  this  machine  on  chuck  work,  when  we  take  advantage  of 
the  seven  length  stops  and  the  seven  shoulder  stops  of  the  cross-feed 
head. 

Of  course,  in  general  practice  three  or  four  stops  for  one  tool  are 
all  that  will  be  needed,  but  since  the  modern  cutting  steels  have 
greater  durability,  there  is  nothing  lost  by  giving  each  tool  all  the 
work  it  can  do. 

Outer  face  and  all  shoulders  and  diameters  accurately  finished  to 
independent  stops  by  one  tool.  When  roughing  and  finishing  cuts 
are  required,  the  roughing  tool  can  be  set  near  enough  to  use  the 
same  stops  that  are  accurately  set  for  the  finishing  tool.  When  an 
extra  tool  is  used  to  give  a  roughing  cut  it  is  set  as  indicated  by 
dotted  lines  in  Figs.  2  and  3. 

We  find  it  difficult  to  illustrate  all  of  the  classes  of  work  that  can 
be  turned  out  by  this  machine,  but  a  little  thought  will  suggest 


Springfield,  Vt. 
U.  S.  A. 


Jones  &  Lamson 


Germany,  Holland,  Belgium,  Switzerland,  Austria-Hungary, 
M.  Koyemann,  Charlottenstrasse  112,  Diisseldorf,  Germany. 


HARTNESS   FLAT  TURRET  LATHE 

MAILED  ON  REQUEST 


Fig.  2 


many  forms  that  may  be  readily  handled  in  bar  and  chucking  work, 
both  steel  and  iron,  on  account  of  the  many  provisions  for  bringing 
both  turret  and  cross  slide  up  to  fixed  stops;  either  by  power  feed 
or  by  hand. 


Fig.  3 


Machine  Company 


Queen  Victoria  St. 
London,  England. 


France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray,  9  and 
11  Rue  des  Envierges,  Paris.         Italy,   W.  Vogel,    Milan. 


Increase  the  Production 

of  your  motor  driven  machines  by  securing 
complete  control  of  their  operations. 

G-E  Industrial  Control  Devices 

illustrated  on  this  page  will  enable  you  to 
start,  stop,  reverse,  or  vary  the  speed  of 
your  machines  with  the  accuracy  and  re- 
liability essential  to  highest  efficiency. 

These  devices  are  the  result  of  many 
years'  co-operation  between  engineers  who 
understand  motor  applications  and  engi- 
neers who  are  specialists  on  industrial 
control  devices. 

Every  device  is  made  from  the  highest 
grade  materials,  machined  and  assembled 
by  skilled  workmen,  and  tested  to  meet 
your  requirements  before  shipment.  Bul- 
letins and  further  information  on  request. 

General  Electric  Company 

Principal  Office:     -      SCHENECTADY,  N.  Y. 

3681 
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Of  Personal  Concern  to  You 

Obviously,  you^buy  an  air  compressor  for  the  purpose  of  making 
compressed  air — and  you  want  one  that  will  make  the  most 
air  at  the  least  cost. 

Now,  a  compressor  that  will  do  this  must  be  a  perfectly  balanced 
unit — one  in  which  the  ideals  of  a  perfect  design  are  realized 
by  means  of  high-class  materials  and  workmanship. 

The  best  compressor  may  ])e  open  to  criticism  in  some  detail, 
if  that  detail  is  considered  by  itself.  But  that  very  detail, 
if  considered  in  relation  to  the  machine  as  a  whole,  may 
only  evidence  the  builder's  extreme  care  in  maintaining  that 
perfect  balance  which  stands  for  continued  success. 

The  point  is — do  not  be  influenced  in  your  purchase  of  a  com- 
pressor by  some  much  exploited  detail.  Judge  the  machines 
under  consideration  as  units,  specifically  designed  for  a 
specific  purpose. 

Measured  by  this  standard — as  by  any  other  sound  standard — 
IngersoU-Rand  Compressors  will  be  found  to  represent  the 
best  value  your  money  can  buy. 


NEW  YORK 


INGERSOLL-RAND  CO. 


LONDON 


Offices  in  All  Princif  al  Cities  of  the  World 

COMPRESSORS       AIR  TOOLS        AIR  HOISTS       SAND  RAMMERS 

No.  C-29 


6 


1 


Disassembled  View  of  Orange  Peel  Bucicet 

THE  Mead-Morrison  Orange  Peel  Grab 
combines  a  minimum  of  working  parts 
with  maximum  durability,  efficiency  and 
capacity.  The  period  of  its  service  is  pro- 
longed indefinitely  through  the  use  of  renew- 
able bronze  bushings  and  renewable  steel  dig- 
ging points.     Its  use  is  a  permanent  economy. 

Mead-Morrison  Grabs  are  also  made  in  Clam 
Shell  and  Special  Types. 

Correspondence  Invited 

MEAD -MORRISON 

MANUFACTURING  COMPANY 


NEW  YORK,  149  Broadway. 
CHICAGO,  Monadnock  Block. 
BALTIMORE,  821  Equitable 

Building. 
PITTSBURGH,  108  West 

Parkway,  N.  S. 
SAN  FRANCISCO,  Metropolis 

Bank  Building. 


NEW  ORLEANS,   110  North 

Peters  St. 
MONTREAL,  286  St.James  St. 
SEATTLE,  Bailey  Building. 
PORTLAND,  Lumbermen's 

Building. 
LOS  ANGELES,    1206  Union 

Trust  Building. 
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Profitable  Publications  for  the  Manufacturer 
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Shop  Management 

By  FREDERICK  W.  TAYLOR,  M.  E.,  Sc.D. 

6x9  inches.        Printed  on  heavy  paper;  144  pages  and  folder.        Cloth,  $1.50. 

The  chief  object  of  the  author  is  to  advocate  the  accurate  study  of  "How  long 
it  takes  to  do  work,"  or  scientific  time  study,  as  the  foundation  of  the  best  man- 
agement, couphng  high  wages  with  low  labor  cost.  It  is  the  original  presenta- 
tion of  the  principles  of  Scientific  Management. 


PARTIAL  INDEX  OF  SUBJECTS 


What  Is  the  Best  Index  to  Good  Shop 
Management? 

Why  it  Is  Possible  to  Pay  High  Wages 
and  Still  Have  a  Low  Labor  Cost. 

The  Evils  of  "Soldiering." 

The  Only  True  Remedy  for  "Soldier- 
ing." 

Accurate  Scientific  Time  Study. 

Differential  Rate  System  of  Piece  Work. 

The  Task  Idea  in  Management. 


Illustratioils  of  the  Practical  Results 
Obtained  Through  the  AppUcation 
of  the  Task  Idea  in  Management 
Standards. 

Planning  Department  :  General  Anal- 
ysis of  the  Duties  and  Qualities 
Demanded  of  a  Good  Foreman. 

Steps  to  Be  Taken  in  Changing  from 
Ordinary  to  the  Best  Type  of  Man- 
agement. 

Where  to  Begin  in  Making  Changes  in 
Management. 


The  Art  of  Cutting  Metals 

SECOND  EDITION. 

By  FREDERICK  W.  TAYLOR,  M.  E.,  Sc.D. 

Written  by  the  inventor  of  high  speed  steel,  this  book  contains  detailed  in- 
structions on  how  to  treat  high  speed  steel  so  as  to  make  the  best  possible  tool 
for  roughing  and  finishing  work.  Gives  standard  shapes,  Up  and  clearance 
angles,  directions  for  forging  and  grinding,  notes  on  tool  steel  and  its  treatment, 
etc. 

6  z  9  in.        248  pages,  with  24  folders.        Cloth,  S3. 00. 


THE  AMERICAN  SOCIETY  OF 

MECHANICAL  ENGINEERS 


29  WEST  39th  STREET,  NEW  YORK 


New  Process  Pinions  are  the 

<^VT^fPs^  strongest  non-metallic 
^ajL  gears  made. 


We  frankly  admit  that  some  kinds 
cf  solid  metal  pinions  outlast  New 
Process  Pinions,  but  where  prevention 
cf  noise  and  vibration  enters  into  con- 
sideration positively  no  other  gears 
on  the  market  compare  with  New 
^recess.  In  almost  every  instance,  a 
noisy  metal  to  metal  gear  drive  can 
oe  successfully  and  permanently  quiet- 
ed at  reasonable  expense  by  substitut- 
ing a  New  Process  Pinion  for  the 
noisy  metal  one.  Their  installation 
adds  to  the  comfort  of  the  entire 
shop  force,  saves  time,  avoids  mis- 
understandings and  easily  repays  the 
expense  in  reduced  breakage  of  gear 
teeth  and  lengthened  life  of  the 
machines.     We  will  send  literature. 


The  New  Process  Raw  Hide  Co. 

Office  and  Works,   Syracuse,   N.  Y. 


High-Speed  Steam-Hydraulic  Forging  Presses 

double    your    production   >vith    one-half 
your  labor  cost  and  steam  consumption 
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COST  OF  REPAIRS  REDUCED 

Eliminates  Heavy  Shocks  and 
Vibration 


SINGLE  LEVER  CONTROL 

SMALL  SIZES— Single  Frame  Type 
LARGE   SIZES-Four   Column   Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 

UAMUTACTUXZD  UNDER  DAVY  BROS.,  LTD.,  PATENTS 

UNITED  ENGINEERING  &  FOUNDRY  CO. 


2300   FARMERS'    BANK  BUILDING 
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PITTSBURG.   PA. 


NASH  GAS  ENGINES 


Thousands  of  installations 
throughout  the  country  testify 
to  the  Economy,  Reliability 
and  Satisfaction  secured  from 
Nash  Gas  Engines. 

Preferred  for  over  25  years 
for  Power,  Electric  Lighting, 
Pumping  and  Fire  Protection, 


Sizes  6  to  425  H.  P. 
Operate  on  Gas,  Gasoline,  Producer  Gas,  etc. 

NATIONAL  METER  COMPANY 


Established 
1870 


84  CHAMBERS  STREET,  NEW  YORK  Joi'-c.^""'^ 

Chicago       Boston       Pittsburgh     San  Francisco       Cincinnati        Los  Angeles 


LUNKENHEIMER  CAST  STEEL  VALVES 

These  valves  are  particularly  adapted  for  extreme  condi- 
tions of  superheat  and  strain. 

They  are  the  only  Cast  Steel  Valves  made  to  meet  standard 
specifications,  and  are  the  only  steel  valves  containing  less  than 
.05  per  cent  of  either  phosphorous  or  sulphur. 

The  tensile  strength  of  Lunkenheimer  Cast  Steel  is  about 
80,000  pounds  per  square  inch. 

All  parts  subjected  to  wear  are  renewable. 

Made  in  two  combinations  as  regards  material  used  for 
the  trimmings,  to  meet  various  conditions  of  pressure  and 
superheat. 

Lunkenheimer  Cast  Steel  Valves  include  Globe,  Angle,  Gate, 
Non-return  Safety  Boiler  Stop,  etc. 

This  line  of  valves  is  also  made  in  "Puddled"  Semi-steel 
and  Cast  Iron. 

Your  local  dealer  can  furnish  them;  if  not,  write  us. 
Write  for  1912  catalogue. 

THE   LUNKENHEIMER  COMPANY 

Largest  Manufacturers  of  High  Grade  Engineering  Specialtiea  in  the  World 
General  Offices  and  Works:   CINCINNATI,  OHIO,  U.  S.  A. 


New  York, 
64-68  Fulton  St. 


Boston. 
138  High  St. 


ChlQBgo, 
18S  N.  Dearborn  St. 
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liOndoo,  S.  E.. 
85  ONftt  DoT«r  St. 


HAMILTON  CORLISS 

HORIZONTAL  CRANK  AND  FLY  WHEEL 
PUMPING  ENGINES 

are  particularly  designed  for  hard  service  and  long  life  and  the  valves  are  arranged  in  the  annexed 
steel  casting  decks  in  such  mannner  that  the  flow  of  water  is  not  deflected  in  all  directions,  as  is 
necessarily  the  case  when  the  bee-hive  or  cage  system  Is  used. 


Hamilton  Corliss  Engines  are  the  most  economical  steam  operated  prime  movers  known  and 
are  sold  on  their  operating  record. 

Send  for  Bulletin  "F" 

THE  HOOVEN,  OWENS,  RENTSCHLER  CO.,  Hamilton,  Ohio,  U.  S.  A. 


The    Improved 

Murphy  Automatic  Furnace 

For  over  30  years  the  leading  Automatic  Stoker — Over  1,500,000  H.P.  in  operation 


Founded 
1878 


UNITED  ELECTRIC  LIGHT  CO.,  SPRINGFIELD,  MASS. 

1st  order  Sept..  1903—  900  H.P.  3rd  order  Mar.,  1907—2400  H.P. 

2nd    •'  •'       1904—1900  H.P.  4th      "      Jan.     1910—2400  H.P. 

MURPHY  IRON  WORKS,  Detroit,  Mich. 


Incorporated 
1904 
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CTHE  TRIPLEX  BLOCK>— 
The  Red  Danger  Sign 


T 


HE  Red  Danger  Sign  on  the  sidewalk  gives  warning  even 
when  the  suspended  load  is  safe. 

But  in  the  shop  no  danger  sign  is  displayed  when  an  un- 
safe chain  block  is  used.  Such  a  block  awaits  only  the  whim 
of  untested  metal  to  work  destruction  and  death. 

Yale  &  Towne  engineers  test  every  chain  block  for  a  wide 
margin  of  safety.  That  test  makes  the  sign  of  warning  of 
the  cheap  block  unnecessary,  for  Triplex  Blocks  are  of  Steel 
construction — hooks,  chain,  sheave,  gears 
and  driving  pinion.  Settle  your  hoisting 
problems  with  the  new  Book  of  Hoists,  K-12. 
Write  for  your  copy  now. 

EVERY  BLOCK  TESTED  TO  50%  OVERLOAD 

Triplex)  16  sizes:  One-fourth  of  a  ton  to  forty  tons. 
Blocks  J  300  Active  Blocks  all  over  the  United  States 

THE  YALE  &  TOWNE  MANUFACTURING  COMPANY 

Also  Duplex  Blocks,  Differential  Blocks  and  Electric  Hoists 

9  Murray  Street  New  York,  N.  Y. 


THE  WIRES 

in  Roebling  Wire  Rope  are  made  from  carefully 
selected,  thoroughly  tested  metals. 

They  are  drawn  and  treated  so  as  to  develop 
to  the  fullest  extent  the  strength,  toughness  and 
pliability  required  for  high  grade  rope. 

These  wires  are  stranded  into  rope  in  accord- 
ance with  designs  proven  by  long  experience  to 
be  best  adapted  for  good  service. 


JOHN    A. 


ROEBLING'S 

TRENTON, 


SONS 

N.  J. 


New  York 
San  Francisco 


Agencies  and   Branches: 

Chicago  Atlanta 

Los  Angeles         Portland,  Ore. 


COMPANY 


Cleveland 
Seattle 
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The  Problem  of  Spillage 
Entirely  Eliminated 


IS 


with  the  use  of 


The  Jeffrey  Close-Lip 

Pivoted  Bucket  conveyer 

tor    handling   Coal,  Ashes,  Ce- 
ment,   Sand,  Stone,    Ore    and 
other  materials. 
With  this  equipment  Automatic  Loaders  are  used  as  shown  in 
illustration  above,  uniformly  filling  each  bucket. 

Buckets  are  discharged  to  bins  by  means  of  either  stationary  or 
movable  trippers,  both  of  which  may  be  used  on  the  same  con- 
veyer. 

Write  for  Catalog  32-A,  illustrating  and  describing 
over  SO  Jeffrey  Coal  and  Ashes  Handling  Systems. 

Jeffrey    Mfg-  Co.,     Columbus,  O- 


New  York 

Boston 

PhiladelpUa 


Pittsburg 

Charleston ,  W.  Va. 
Atlanta,  Ga. 


Birmingham: 
Chicago 
St.  Louis 


Denver 

Seattle 
Montreal 


For  a  RELIABLE 

Conveyor  Belt 

-the  GOODRICH 

'PHERE'S    no    more    RELIABLE    con- 
veyor belt   on  the   market  than  the 
Goodrich.     Every  foot,  yes,  every  inch  of  a 
Goodrich  Conveyor  Belt  is  dependable. 

If  you  want  reliability  in  any  part  of  your  equip- 
ment, you  surely  want  it  in  a  conveyor  belt. 

GOODRICH  CONVEYOR  BELTS 

live  up  perfectly  to  the  Goodrich  reputation  for  RELIABILITY  and  uniformity. 
They  are  not  excelled  by  any  other  product  ot  the  "largest  rubber  factory  in 
the  world." 

The  Goodrich  reputation  is  back  of  each  belt.     Each  belt  combines  the  best 
of  material  with  the  best  workmanship  and  long  Goodrich  experience. 
Each  belt  is  "  longlived  "  and  costs  least  per  ton  of  material  handled. 

Write  today  for  the  experience  of  conveyor  belt   users  ; 
see  what  they  say  about  (Goodrich  reliability. 

The  B.  F.  Goodrich  Company 

TBADE   MARK  AKRON,    OHIO 
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O'K.  SPEED  REDUCING  TRANSMISSIONS 

Are  made  in  ratios  varj-ing  from  4:1  up  to  1600  to  1  ranging  from  J  to  75  HP.  They  will  be  found 
efficient,  strong  and  durable,  being  entirely  incased  and  oil  tight  as  well  as  dust  and  fool  proof.    All 

moving  parts  run  in  the 
same  direction  and  by 
taking  power  from  three 
points  it  gives  a  well 
balanced  drive  of  great 
emergency  strength. 

Ask  for  Bulletin  E. 

Send  for  Catalog  D 
on  Cut  Gearing  and  In- 
cased Worm  Gear  Re- 
ductions. 

D.  O.  JAMES  MFG.  CO.,  1120-22  W.  Monroe  St.,  CHICAGO,  ILL. 


Power  Transmission  Appliances 


FRICTION  CLUTCH  PULLEYS 
FRICTION  CLUTCH  COUPLINGS 
FRICTION  CLUTCH  QUILLS 
FRICTION  CLUTCH  OPERATORS 
FRICTION  CLUTCH  SHEAVES 


FLOOR  STANDS 

HEAVY  MILL  BEARINGS 

SHAFT  COUPLINGS 

SHEAVES  AND  TENSION  CARRIAGES 

PULLEYS  AKD  FLY  WHEELS 


FALLS  CLUTCH  and  MACHINERY  CO. 

CUYAHOGA  FALLS,   OHIO,  U.  S.  A. 
New  York  City,  206  Fulton  St.    Boston,  54  Purchase  St.    Cincinnati,  208  Elm  St. 


THE  A.  &  F.  BROWN  CO. 

ENGINEERS,    FOUNDERS,     MACHINISTS 
AND     MILLWRIGHTS 

POWER    TRANSMISSION 
MACHINERY 

DESIGNED,    FURNISHED   AND    ERECTED 

SPECIAL     MACHINERY 

IRON     CASTINGS 


Friction  Clutch  Pulleys 
and  Couplings 

WORKSi    ELiZABETHPORT 

NEW  JERSEY 


G«ar!<  of  all  kinds 
and  sizes 

SALES   ROOM:   172   FULTON  ST., 
NEW  YORK  CITY 


No. 
1190 
1191 
1192 
1193 
1194 
1195 


Conveyors 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 

Price 

Hoisting  and  Conveying  Machinery,  Titcomb $0.20 

Continuous  Conveying  of  Materials,  Peck .20 

The  Belt  Conveyor,  Baldwin .20 

Conveying  Machinery  in  a  Cement  Plant,  Tomhnson .10 

Performance  of  Belt  Conveyors,  Haddock .10 

Discussion  on  1190,  1191,  1192,  1193,  1194  ^ 

$1.10 
Price,  per  set,  $1.00  (Members'  rates  are  half  price) 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 
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ALLIANCE  CRANES  All  Types 

Also  Rolling 
Mill  and 
H  y  dra  ul i  c 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Sr.ale  Cars,  Copper 
Converting  Machinery,  etc. 


THE  ALLIANCE  MACHINE  CO.  alliance,  ohio 

Pittsburg  Office,  Frlck  Building  Birmingham  Office.  Woodward  Building 


MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


CLYDE  Hoisting  Engines 

have  steel  gears  and  ratchets.   Shafting  is 
extra  heavy  with  long  bearings.    Connect- 
ing rods  have  solid   ends.     Boilers 
have  large  heating  surface. 

Large  stocks  on  hand— Ask  for  catalogue. 

CLYDE  IRON  WORKS,   duluth,  minn. 


CHICAGO,  ILL.  NEW  YORK 

318-19  Fisher  Bldg.        NEW  ORLEANS 


SAVANNAH 
HOUSTON 


Elevators 

Papers  read  before  The  American  Society  of  Mechanical  Engineers 

Price 

Elevator,  C.  R.  Pratt $0.50 

Elevator  Safeties,  C.  R.  Pratt 10 

Test  of  a  Hydraulic  Elevator  System,  R.  P.  Bolton 10 

Test  of  a  Plimge  Elevator  Plant,  A.  J.  Herschmaim 30 

A  Highspeed  Elevator,  C.  R.  Pratt 40 

Operating  Conditions  of  Passenger  Elevators,  R.  P.  Bolton .10 

$1.50 
Members'  rates  are  half  price 

Address  Calvin  W.  Ricb,  Sbcrbta»y,  29  West  39th  St.,  New  York 
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No. 

820 

940 

981 

1128 

1161 

1300 


New  York 


Boston 


Phila. 


Keeler  Cross  Drum 
Boiler 

All  wrought  Steel  Construction 
Designed    for   limited   ceiling  space 
or  restricted  openings. 

Shipped  "knocked  down." 

Ask  for  New  Catalog 

Established  1S64 

£.  Keeler  Co.,      Williamsport,  Pa. 

Pittsburg  Chicago  Dallas 


THE  BABCOCK  &  WILCOX  COMPANY 

85  UBERTY  STFEET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works:   BARBERTON,  OHIO     BAYONNE,  N.  J. 


BRANCH  OFPICES 
BOSTON,  3S  Federal  Si.  PHILADELPHIA,  North  American  BIdg.         SAN  FRANCISCO,  99  FlntSOM* 

PITTSBURGH,  Farmers  Deposit  Bank  BIdg  NEW  ORLEANS,  Sbuberl  Arcade. 

SALT  LAKE  CITY,  313  Atlas  Block  CHICAGO,  Marquette  BIdg 

CLEVELAND,  New  England  BIdg,  PORTLAND,  ORE.,  Wells-Fargo  BIdg. 

LOS  ANGELF.S,  American  Bank  RMe.  SF^TTT  F    M.M.ml  life  BlHj. 


DENVER,  435  Seventeenth  Stiul 
ATLANTA,  Candler  BIdg 
HAVANA,  CUBA,  I16J  CaUe  de  It 
CINCINNATI,  Traction  BIdg 


Massachusetts   Standard   Quality 

BOILERS 

Return  Tubular  Internally  Fired  Upright  and  Water  Tube 

PLATE  WORK  OF  EVERY  DESCRIPTION 

ROBB  ENGINEERING  CO.  Ltd. 

Waverly  St.,  South  Framingham,  Mass. 


SCOTCH  BOILERS 

DRY  AND   WATER   BACK 

THE 

KINGSFORD 

WATER  TUBE  BOILER 

KINGSFORD  FOUNDRY  &  MACHINE  WORKS 
OSWEGO,  N.  Y. 
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BROWN 

PYROMETERS 

The  standard  since   1860 

THE  BROWN  INSTRUMENT  CO. 
Philadelphia,  Pa. 


New  York 


BRANCH  OFFICES 
Pittsburg 


Chicago 


JENKINS   BROS.  CHECK  VALVES 


are  made  from  Standard  and  Extra  Heavy  pattern,  both 
brass  and  iron  body  in  several  different  styles — horizon- 
tal, angle,  vertical,  swing.  All  are  fitted  with  the 
Jenkins  Disc,  thus  assuring  a  tight  seat.  And  as  the 
Jenkins  Disc  takes  practically  all  the  wear,  the  seat  is 
seldom  injured,  and  valves  give  long  and  satisfactory 
service  without  requiring  attention  or  repair. 

Catalogue  mailed  on  request. 


JENKINS  BROS. 


NEW  >fORK        BOSTON        PHILADELPHIA        CHICAGO 


NEW  TYPES  OF  BRISTOL'S  CLASS 
I    RECORDING    THERMOMETERS 

are  illustrated  and  listed  in  new  24-page  Catalog 
No.  1100  which  is  just  off  the  press. 

New  48-page  Catalog  No.  1200  on  Bristol's 
Class  II  Recording  Thermometers,  also  just 
printed. 

Write  for  Catalogs   No.   1100  and  No.  1200. 
THE    BRISTOL    CO.,  WATERBURY,    CONN. 


'^^RITE   for  a  copy  of  our 
booklet    entitled    "The 
Modern  High  Speed  Automatic 
Engine,"  which  describes 

The  American    Ball  Angle 
Compound  Engine 


AMERICAN   ENGINE    COMPANY 

42  RARITAN  AVE.,        BOUND  BROOK,  N.  J. 
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INDIVIDUAL  SANITARY  WASH  BOWLS 

Arranged  In  Single  or  Double 
Batteries,  of  Practically  Any 
Number  of  Bowb: — 

Hot  and  Cold  or  Cold  Water 
Only.  Plain  Nozzle.  Self- 
Closing  or  Compression 
Bibbs:— 

Plain  Cast  Iron,  Galvanized 
Iron  or  Vitrified  Porcelain 
Enameled  Iron  Bowls. 

Send  for  complete  catalog  of  our  full  line  of  all  metal  Shop  and  Factory 
l?qulpment,  Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved 
Stools,  Work  Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 

MANUFACTURING     EQUIPMENT  &   ENQINEERINQ   COMPANY,     BOSTON,    MASS. 


j^^-ffe. 


STANDARD  ROLLER 
THRUST    BEARINGS 

are  operating  successfully 
under  a  load  of  2,250,000 
pounds  at  100  R.  P.  M. 
Also  extensively  used  in 
hydro-electric    plants 

Send    for     literature 

Standard  Roller  Bearing  Co. 

Philadelphia,  Pa. 


Condensers 

Papers  read  before 
The  American  Society  of  Mechanical  Engineers 

No.  Price 

291  Surface  Condensers,  J.  M.  Whitham $  .10 

534  An  Evaporative  Surface  Condenser,  J.  H.  Fitts 10 

693  A  Self  CooUng  Condenser,  R.  Alberger 20 

798  Cooling  Tower  and  Condenser  Installations,  J.  H.  Vail 20 

1072  Condensers  for  Steam  Turbines,  Geo.  I.  Rockwood .20 

$  .80 

Set  Complete,  $  .76  Members'  ratea  are  halt  prlee 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 


WE   SPECIALIZE 

We  concentrate  our  entire  attention  on  valves  and  hy- 
drants and  do  not  have  a  line  of  miscellaneous  sundries 
such  as  fittings,  boiler  trimmings,  etc.,  to  divide  our 
interests.     Thus  we  can  give  valves  particular  attention. 

The  result  of  this  concentrated  efifort  is  shown  in  Ken- 
nedy Valves — it  shows  in  their  design,  workmanship 
and  finish. 

THE  KENNEDY  VALVE  MFG.  CO. 

Main  Office  and  Work..   1028  E.  Water  St..  ELMIRA.  N.  Y. 
Branch  Office  and  Warehouje.  45  Deekman  St..  NEW  YORK  CITY 

Agencies,  666  Western  Union  BIdg.,  Chicago,  111. 
262  Market  St..  San  Francisco,  Cal. 
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simplex  not  Duplex 
"To  be  simple 
la  to  be  icreat" 


Steam  and  Power  Pumping  Machinery 

For  every  service 

American  Compound  Pumps  work- 
ing on  Elevator  or  Water  Works 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable 
and  ready  to  work  with  the 
Governor. 


Compound  Packed  Plunger  Pump. 


Our  No.  18  Catalogue  goes  into  details. 


American  Steam  Pump  Company, 


Battle  Creek,  Mich. 
U.  S.  A. 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all  Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 

HENION  &HUBBELL,  Agents,  6 1-69  N.Jefferson 

Street,  Chicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 

New  York  Office,  139-41  Cortlandt  Street 

The  Driver  Cannot  Become 

Seriously  Overloaded 

under  any  conditions  at  the  specified  speed  when  Goulds 
Single  Stage  Double  Suction  Centrifugal  Pumps  are  used. 

This  and  other  special  features  of  the  Goulds 
design  are  described  in  Bulletin  110. 
Send  for  a  Copy. 

SENECA  FALLS,  N.Y. 


78  W.  FALL  ST., 


The  Proof  of  the  Coal  is  in  the  Evaporation 
per  Pound. 

The  Venturi  Meter  ventur,  meter  tube 

aids  in  determining  the  coal  best  adapted  to  the  operating 
conditions  of  any  particular  plant. 

Bulletin  No.  68  on  request. 

BUILDERS   IRON    FOUNDRY     -     Providence,  R.  I. 
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ENGINEERINGISCHOOLS  and  COLLEGES 


NEW  YORK  UNIVERSITY 
SCHOOL  OF   APPLIED   SCIENCE 

Departments  of  Civil,  Mechanical  and  Chem- 
ical Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,  Dean, 

UNIVERSITY  HEIGHTS.  N.  Y.  CITY. 


TUFTS  COLLEGE 

Department  of  Engineerino.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insuflScient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Pbof.   G.   C.   Anthonj,   Dean, 

TUFTS  COLLEGE  P.  O.,  MASS. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Course  in  Mechanical  Enqineerinq, 
Evening  Post-Graduate  Courses.  Fred.  W. 
Atkinson,  Ph.  D.,  President;  W.  D.  Ennia, 
Member  A.  S.  M.  E.,  Professor  Mechanical 
Engineering. 


THE  RENSSELAER 
POLYTECHNIC  INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.Y. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

105  South  La  Salle  Street,  CHICAGO. 


BERT  L.  BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 

Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,  Plants  and  Equip- 
ments of  same. 

Perin  Building,  CINCINNATI,  OHIO 


F.  W.  Dean      H.  M.  Haven      Wm.  W.  Crosby 
Members  A.  S.  M.  E. 

F.  W.  DEAN,  INC. 

Mill  Engineers  and  Architects, 

Exchange  Building,  53  State  St., 

BOSTON,  MASS 


ELECTRICAL  TESTING 
LABORATORIES 

Electrical  and  Mechanical  Laboratories 
Tests   of   Electrical    Machinery,    Apparatus 
and  Supplies.    Materials  of  Construction,  Coal, 
Paper,  etc.    Inspection  of  Material  and  Appa- 
ratus at  Manufactories. 
80th  Street  and  East  End  Avenue. 

NEW   YORK   CITY. 


FORD,  BACON  &  DAVIS 

Engineers 

115  Broadway 
NEW  YORK 


New  Orleans 


San  Francisco 


CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect 

201  Devonshire  Street,         BOSTON,  MASS. 


S.  WARREN  POTTS 

Mechanical  Engineer  and  Expert 
Machinery  Designed  and  Constructed 

1820  Park  Row  Bldg.        NEW  YORK,  N.  Y. 
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MACHINE    SHOP    EQUIPMENT 


MACHINE    SHOP   EQUIPMENT 


BUTTERFIEl.l)  &  (  O. 

Derby  Line,  Vt.       New  York,  120  Cluimbers  St.     Rock  Island,  P.  il- 

Manufacturers  of  Taps,  Dies,  Screw  Plates,  Stocks  and  Dies,  Tap 
Wrenches,  and  all  Thread  Cutting  Tools.  Our  goods  are  not  surpassed  by 
any  in  the  world. 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  imiformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grinding  need.  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborimdum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


THE  J.  M.  CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.  I. 

Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw 
Plates,  Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the 
market  and  38  years  in  the  lead. 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  becau.se  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the  fastest 
machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


THE  GARVIN  MACHINE  COMPANY 

137  Varick  St.  NEW  YORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cutter 
Grinders,  Automatic  Chucks,  etc. 


THE  HEALD  MACHINE  COMPANY 

WORCESTER,  MASS. 


Manufacturers  of  Grinding  Machines. 
Grinders,  Surface  Grinders,  Drill  Grinders. 


Internal  Grinders,   Cylinder 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1276c.  Mechanical  Features  of  Electric  Driving  in  ^Lachine  Shops:  J.  Riddell, 
price  $0.20;  No.  1180.  Power  Transmission  by  Friction  Driving:  W.  F.  M.  Goss,  price 
$0.30;  No.  859.  Efficiency  of  Electric  Transmission  in  Factories  and  Mills:  W.  S.  Aldrich, 
price  $0.20;  No.  969.  The  Use  for  Surveying  Instrument  in  Machine  Shop  Practice:  C. 
C.  Tyler,  price  $0.20. 

21 


TAPS 

AND 

DIES 


CARBO- 
RUNDUM 
PRODUCTS 


TAPS 

AND 

DIES 


GEAR 
SHARERS 


MILLING 
MACHINES 


GRINDING 
MACHINES 


PAPERS 

ON 

MACHINE 

SHOP 

PRACTICE 


machine:  ^HOP  £QUIPM£Nr 


AIR 
COM- 
PRESSORS 

AIR  TOOLS 
AND   HOISTS 


TURRET 
LATHES 


HEAVY    DUTY 

BORING 

MILLS 


LATHES 

MILLING 
MACHINES 


MACHINE 
TOOLS 

ENGINEER- 
ING 
SPECIALTIES 


METAL  SHOP 
AND 

FACTORY 
EQUIPMENT 


PINIONS 

AND 

GEARS 


PAPERS 

ON 

MACHINE 

SHOP 

PRACTICE 


INGERSOLL-RAND  COMPANY 

11  Broadway  NEW  YORK 

Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  J  to  5  tons. 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 


Vertical  Turret  Machines,  28"  and  34". 
Machines,  42"  to  84",  inclusive. 


Vertical  Boring  and  Turning 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines.  They 
are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the  cutting  tool. 
It  will  pay  you  to  investigate  our  machines.    Catalogue  upon  request. 


MANNING,  MAXWELL  &  MOORE,  Inc. 

SINGER  BUILDING,  NEW  YORK 

Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world  and  carry  in  stock  the  product  of  the  foremost  designers  of  the  many 
branches  of  machine  tool  building  in  the  United  States. 


MANUFACTURING  EQUIPMENT  &  ENGINEERING  CO. 

BOSTON,  MASS. 
We  manufacture  a  full  line  of  all  metal  Shop  and  Factory  Equipment, 
Sanitary  Wash  Bowls,  Improved  Soda  Kettles,  Improved  Stools,  Work 
Benches,  Stock  Racks,  Sanitary  Drinking  Fountains,  etc. 


THE  NEW  PROCESS  RAW  HIDE  CO. 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1230.  Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth,  price  $0.50;  No. 
1313.  Milling  Cutters  and  their  Efficiency:  A.  L.  DeLeeuw.  price  $0.30;  No.  1083. 
Belt  Creep:  W.  W.  Bird,  price  $0.10;  No.  1291.  Symposium  on  High  Speed  Tools:  H.  I. 
Brackenbury,  and  Discus.sion,  price  $0.70. 
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MACHINE   SHOP   EQUIPMENT 


WALTHAM  MACHINE  WORKS 

WALTHAIM,  MASS. 

Our  Bench  Lathes  swing  S",  will  take  ,"  rod  through  the  chuck  and  the  workmanship 
is  of  the  highest  watch  machine  standard.  It  is  a  necessity  in  the  modern  tool  room.  Cata- 
log for  those  interested.    Also  makers  of  .\ntomatic  Precision  Bench  Machinery. 


THE  WARNER  &  SWASEY  COMPANY 

CLEVELAND,  OHIO 

BRANCH  OFFICES:  NEW  YORK  CHICAGO  DETROIT 

We  offer  a  most  complete  line  of  high-Krade  Turret  Lathes  for  producing  work  accu- 
rately, rapidly  and  economically.  Our  catalog,  which  describes  these  machines  full\  ,  will 
be  mailed  ou  request. 


WELLS  BROTHERS  COMPANY 

GREENFIELD,  MASS. 

We  make  and  sell  the  Little  Giant  line  of  Taps,  Dies,  Screw  Cutting 
Tools  and  Machinery. 


PRECISION 

BENCH 

LATHES 


TURRET 
LATHES 


TAPS  AND 
DIES 


FOUNDRY    EQUIPMENT 


INGERSOLL-RAND  COMPANY 

11  Bro.^dway  new  YORK 

"Crown"  Sand  Rammers,  floor  and  bench  types;  "Crown"  and  "Imperial"  Chipping 
Hammers;  "Imperial"  Air  Motor  Hoists,  |  to  5  tons  capacity;  Air  Compressors,  twenty 
types,  capacity  8  to  8000  cu.  ft.  per  minute. 


MUMFORD  MOLDING  MACHINE  CO. 

30  Church  St.,  New  York  2014  Fisher  Bldg.,  Chicago,  111. 

Plain  Power  Squeezing  Machines  Split  Pattern  Vibrator  Machines 

Jolt  Ramming  Machines  Pneumatic  Vibrators 


J.  W.  PAXSON  CO. 

Pier  45  North  PHILADELPHIA,  PA. 

IVLanufacturers  and  engineers.  Complete  Foundry  Equipment.  Cu- 
polas, Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Systems.  Foundry 
Buildings  designed,  Foundry  Sand,  etc. 


WHITING  FOUNDRY  EQUIPMENT  CO. 

HARVEY,  ILL. 

Manufacturera,  Engineers  and  Designers  of  complete  equipment  for  grey  iron,  brass, 
car  wheel,  pipe,  steel  and  malleable  foundry  plants,  and  Cranes  of  all  kinds  for  every 
service.     Buildings  designed  and  furnished;  equipment  installed  and  operated. 
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FOUNDRY 
EQUIPMENT 


FOUNDRY 

PLANT 

EQUIPMENT 


BLOWERS,    FANS,   DRYERS,   ETC. 


BLOWERS,   FANS,   DRYERS,   ETC. 


BLOWERS 

GAS 
EXHAUSTERS 

PUMPS 


DRYERS 


FANS 

BLOWERS 

ECONOMIZ- 
ERS 

ENGINES 


P.  H.  &  F.  M.  ROOTS  CO. 

CONNERSVILLE,  IND. 

Positive  Pressure  Blowers  for  foundries.  Higli  Pressure  Blowers.  Blowers  for  vacuum 
cleaning,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps.  Positive  Pressure  Gas 
E.xhausters.     High  Pressure  Gas  Pumps.     Flexible  Couplings. 


RUGGLES-COLES  ENGINEERING  CO. 

McCoRMicK  Bldg.,  CHICAGO  Hudson  Terminal,  NEW  YORK 

Dryers.    Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


B.  F.  STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to  force  or  exhaust  air  imder  all  conditions. 
Larp;est  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.  Consulting  representatives  in  or  near  your  city. 


ROLLING    MILL    MACHINERY 


ENGINES 

ROLLING 

MILL 

MACHINERY 


STEAM 
HYDRAULIC 
FORGING 
PRESSES 


ROLLING 

MILL 

EQUIPMENT 


MACKINTOSH  HEMPHILL  &  CO. 

PITTSBURGH,  PA. 
Engines,  single  and  compound,  corliss  reversing  and  blowing.     Roll- 
ing Mill  ancl  Hydi-aulic  Machinery  of  all  kinds.     Shears,  Punches,  Saws, 
Coping  Machines. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufacturers  of  High-Speed  Steam  Hydraulic  Forging  Presses. 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Pressing. 
100  to  12,000  tons  capacity. 


WHEELINCi  INIOLD  &  FOUNDRY  CO. 

Pittsburgh,  Pa.  WHEELING,  W.  VA.  New  York,  N.  Y. 

Designers  and  Builders  of  Steel  Works  and  Rolling   Mill   Equipment. 
Steel  Castings  machined  or  in  the  rough.     Chilled,  Sand  and  Steel  Rolls. 
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PUMPS     AND     HYDRAULIC     TURBINES 


PUMPS  AND  HYDRAULIC  TURBINES 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  \alve  motion  is  designed  for  efficient  and  reliable  service,  which,  combined  with 
luu-  nuiintenaiice  cost,  should  ajipeal  to  engineers  who  desire  to  reduce  their  operating 
exjienscs.      Literature  upon  reiiucst. 


M. 

T. 

DAVIDSON  CO. 

43-53  Keap 

St., 

BROOKLYN,  N.  Y. 

Xew  York: 

154  Nassau 

St. 

Boston  : 

30  01 

ver 

St. 

den.'- 

Hish  gi 
ers. 

ade 

economical  Pumi)s 

for  all  services.    Surface 

and  J( 

'tC 

on- 

THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N,  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  mimicipal 
water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed  pumps, 
chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and  hand  pumps 
of  e\erv  kind. 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


J.  &  W.  JOLLY,  Inc. 

HOLYOKE,  MASS. 

]McCormick  Holyoke  Turbines  designed  to  suit  Mill  or  Hydro-Electric 
Work.  Paper  Mill  Machinery,  Shafting,  Gearing,  Pulleys  and  Freight 
Elevators. 


LAMMERT  &  MANN 

216-220  So.  Jefferson  St.  CHICAGO,  ILL. 

Engineers  and  Machinists 
Manufacturers   of   Rotary   Vacuum   Pumps  for  highest  dry    vacuum, 
Lead  Pumps,  Rotary  Blowers,  etc. 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  n.  y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Marine  Engines. 
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ENGINES 


STEAM    ENGINES    AND    BOILERS 


STEAM   ENGINES  AND    BOILERS 


WATER  TUBE 
BOILERS 


ENGINES 


WATER  TUBE 
BOILERS 


STEAM 
ENGINES 


ENGINES 

STEAM  AND 
GAS 


STEAM 
BOILERS 
AND 
ENGINES 

FEED-WATER 
HEATERS 


PAPERS 

ON 

STEAM 

ENGINES 

AND  BOILERS 


ALMY  WATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Alniy  Patent  Sectional  Water  Tube  Boilers  for  steamships,  river 
steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  fire  boats,  launches.  Donkey 
Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN  ENGINE  CO. 

42  Raritan  Ave.  BOUND  BROOK,  N.  J. 

Builder.s  of  American  Bull  Angle  Compound  Engines.  Angle  com- 
jiound,  SO  to  1,000  h.  p.;  double  angle  compound,  160  to  2,000  h.  j).;  four 
cylinder  triple,  120  to  1,600  h.  p. 


THE  BABCOCK  &  WILCOX  COMPANY 

s')  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


BALL  ENGINE  COMPANY 

•     ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with  non- 
detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.   Buckeye  Four-Stroke  Cycle  Gas  Engme,  single  and  double-acting, 
in  powers  from  50  to  6000  h.  p. 


ERIE  CITY  IRON  WORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable,  vertical  tubular  and  vertical  water  tube.  Engines:  Erie  City 
"Lentz,"  four  valve,  enclosed  high  speed,  automatic,  center  crank,  side  crank,  portable  and 
Feed- Water  Heaters  from  25  to  600  h.p. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1081.  Counter  Weights  for  Large  Engines:  D.  S.  Jacobus,  price  $0.20;  No.  1329. 
Strain  Measurements  of  Some  Steam  Boilers  under  Hydrostatic  Pressure:  J.E.Howard, 
price  .S0.30;  No.  1298.  Combustion  and  Boiler  Efficiency:  E.  A.  Uehling,  price  $0.30;  No. 
1308.    Oil  Fuel  for  Steam  Boilers:  B.  R.  T.  Collins,  price  $0.20. 
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STEAM   ENGtNiTS  AND   BOILERS 


HARRISBIRG  FOUNDRY'  &  ISIAC  HINE  WORKS 

HAKRISBURG,  PA. 

M;uuif;ictur(Ts  of  Fleiniiifi-Harrisburg  Horizontal  Engines,  Corliss  and 
Singlo  Valve,  Simple,  Tandem  and  Cross  Compound. 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO 

Manufacturers  of  Hamilton  Corliss  Engines.  Hamilton  High  Speed 
Corliss  Engines,  High  Duty  Pumping  Engines,  Power  Pumps  and  Com- 
pressors, Special  Heavy  Castings. 


E.  KEELER  COMPANY 

WILLIAMSPORT,  PA. 

Water  Tube,  Internal  Furnace  and  Return  Tubular  Boilers.     Self- 
Support  ing  Stacks,  Feed  Water  Heaters. 


KINGSFORD  FOUNDRY  &  MACHINE  WORKS 

OSWEGO,  NEW  YORK 
Scotch  Boilers,  Dry  and  Waterback;  also  Improved  Manning  Vertical 
Boilers,  and  Special  Boilers  for  Steam  Heating. 


MESTA  MACHINE   CO. 

PITTSBURGH,  PA. 

Complete  Power  Plant  Equipment;  Gas  and  Steam  Engines;  Con- 
densers; Air  Compressors;  Power  Transmission  IMachinery. 


ROBB  ENGINEERING  CO.,  LTD. 

Waverly  St.,  SOUTH  FRAMINGHAM,  MASS. 

131  State  St..  BOSTON  90  West  St.,  NEW  YORK 

Robb-Brady  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


THE 

VILTER 

MFG. 

CO. 

1070-1088  Clinton  St. 

Established 

1867 

MILWAUKEE, 

WIS. 

Builders  of  Corliss  Engines 
Connected  Service,  medium  or 

,  Girder  or  Heavy  Duty  Type  Bed  for  Belted  or 
high  speed.     Ice  and  Refrigeration  Machines. 

Direct- 

PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1071.  Influence  of  the  Connecting  Rod  Upon  Engine  Forces:  S.  A.  Moss,  price 
$0.10;  No.  922.  Eflect  of  Clearance  on  Economy  of  Steam  Engine:  A.  Kingsbury,  price 
SO. 10;  No.  873.  Comparison  of  Rules  for  Calculating  the  Strength  of  Steam  Boilers: 
H.  de  B.  Parsons,  price  $0.10;  No.  819.  Boiler  and  Furnace  Efficiency:  R.  S.  Hale,  price 
$0.30. 
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TURBINES 
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PRODUCERS 
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ERS 

STOKERS 


AVEIMER  MACHINE  WORKS  COMPANY 

LEBANON,  PA. 

Builders  of  Blast  Furnace  Blowing  engines  and  equipments.  Cinder 

and  hot  metal  cars.  Furnace  Bells  and  Hoppers.   Rolling  Mill  castings. 

Special  attention  paid  to  quick  repair  work  and  work  governed  by  En- 

ginecM's'   specifications. 


THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 
Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


OIL  AND   GAS    ENGINES  AND  GAS  PRODUCERS 


REFRIGERA- 
TING    AND 
ICE     MAKING 
MACHINERY 

OIL  AND  GAS 
ENGINES 


OIL 
ENGINES 


GAS 

ENGINES 
AND 
PRODUCERS 


GAS 
PRODUCERS 


PAPERS 

ON 

OIL  AND 

GAS  ENGINES 


DE  LA  VERGNE  MACHINE  COMPANY 

1123  E.  138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity; 
Oil  Engines  up  to  360  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 

123  MoTT  St.,  NEW  YORK 

Oil  Engines,  Marine  and  Stationary,  2-400  h.p.,  150,000  h.p.  in  opera- 
tion. Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  H.  P. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


THE  SMITH  GAS  POWER  CO. 

LEXINGTON,  OHIO 
Builders  of  Smith  Automatic  Gas  Producers,  both  suction  and  pressure 
types.    Mechanically  Operated  Gas  Pi-oducers  in  large  units  for  power  and 
heating  plants.     Tar  Extractors  and  Gas  Cleaning  Plants. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No  1336.  Symposium  on  Oil  Engines:  H.  R.  Setz  and  F.  M.  Towl,  Discussion,  price 
S0.50;  No.  1337.  Design  Constants  for  Small  Gasolene  Engines:  W.  D.  Ennis,  price  $0.10; 
No.  S41X.  A  Regenerator  Cycle  for  Gas  Engines  Using  Subadiabatic  Expansion:  A.  J. 
Frith,  price  $0.90;  No.  1238.    Marine  Producer  Gas  Power:  C.  L.  Straub,  price  $0.20. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


POWER    PLANT  AUXILIARIES   AND    SPECIALTIES 


AMERICAN  BALANCE  VALVE  CO. 

JERSEY  SHORE,  PENNA. 

We  make  Balanced  Slide  and  Piston  Valves  for  Manufacturers  of 
Steam  Engines,  also  for  Old  Power  Equipment,  from  Steam  Pumps  to 
Battleships.     Write  us. 


AMERICAN  STEAM   GAUGE  AND   VALVE  MFG.  CO. 

BOSTON.  MASS.  Established  1851 

Pressure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  locomotive 
use.     The  American  Thompson  Improved  Indicator  with  new  improved  detent  motion. 


BOSTON 


THE  ASHTON  VALVE  CO. 

NEW  YORK 


CHICAGO 


Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Rehef  Valves,  Blow 
Off  Valves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction. 


NEW  YORK  CITY 


W.  N.  BEST 

11  Broadway 

Apparatus  for  and  technical  information  relative  to  all  forms  of  liquid 
fuel  equipment. 


THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  Recording  Pressure  and  Vacuum  Gauges.  Bristol's  Recording  Thermometers. 
The  Wm.  H.  Bristol  Electric  Pyrometers.  Bristol's  Recording  Voltmeters,  Ammeters 
and  Wattmeters.  Bristol's  Recording  Water  Level  Gauges.  Bristol's  Time  Recorders 
and  Bristol's  Patent  Steel  Belt  Lacing. 


THE  BROWN  INSTRUMENT  CO. 

Established  1860  PHILADELPHIA,    PA. 

Manufacturers  of  the  Brown  Pyrometers,  the  first  to  be  manufactured  in  this  coun- 
tn,-,  and  having  the  largest  sale  today.  Also  manufacturers  of  Thermometers,  speed  in- 
dicators and  Recorders,  Voltmeters,  Ammeters  and  kindred  instruments. 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  YORK       ST.   LOUIS       PITTSBURGH       CHIC.\GO       PHILADELPHI.\        SAN  FRANCISCO 


Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc. 
Send  for  catalogue. 
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POWER    PLANT  AUXILIARIES  AND  SPECIALTIES 
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valve5 

STEAM 
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TORS 
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TORS 
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COMPRESS- 
ORS 

AIR  TOOLS 
AND   HOISTS 


VALVES 

PACKING 
DISCS 


CRESCENT  MANUFACTURING  CO. 

SCOTTDALE,  PA. 
Lackawanna  Sight  Feed  Lubricators  and  Automatic  Grease  Cups. 


THOS.  H. 

York  and  23rd  Sts. 


DALLETT  CO. 

PHILADELPHIA,  PA. 


Manufacturers  of  a  complete  line  of  Air  Compressors,  suitable  for  high-class  instal- 
lations. Equipped  with  special  "Silent"  inlet  and  discharge  valves.  Also  Pneumatic 
Boiler  Scalers  for  cleaning  boiler  sheets,  drums,  condensers,  etc.     Send  for  literature. 


DIAMOND  POWER  SPECIALTY  COMPANY 


70  First  St.,  DETROIT 
l.')3-l  Monroe  Bldg.  Bourse  Bldg.  702  Singer  Bldg. 

CHICAGO  PHILADELPHIA  NEW  YORK 


Suite  24-19  Pearl  St. 
BOSTON 


Mechanical  Systems  for  cleaning  Soot  from  heating  surfaces  in  all  stand- 
ard makes  of  Boilers.     iSoot  Blowers  for  all  Standard  Boilers. 


HILLS  McCANNA  COMPANY 

153  \V.  KiNziE  St.  CHICAGO,  ILL. 

Force  Feed  Lubrication  Pumps  made  in   any   number  of  Feeds  or 
Comj)artments. 


HOMESTEAD  VALVE  MANUFACTURING  CO. 

Works:  HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Regulators,  Separators,  Steam  Traps,  Automatic  Stop  and  Cheek  Valves.  Write 
for  complete  catalogue. 


II  Broadway 


INGERSOLL-RAND  COMPANY 

NEW  YORK 


Air  Compressors,  twenty  standard  types,  capacity  8  to  8000  cu.  ft.  per  minute; 
"Crown"  and  "Imperial"  Air  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists, 
capacity  J^  to  5  tons. 


JENKINS  BROS. 

NEW  YORK  BOSTON  PHILADELPHIA  CHICAGO 

Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 
Jenkins  '96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing. 
Sole  agents  for  Sellers'  Restarting  Injector.    Catalog  mailed  on  request. 
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ROBERT  A.  KEASBEY  CO. 

100  N.  Moore  St.  NEW  YORK  CITY 

Telephone:    6097  Franklin 

Heat  and  Cold  Insulating  Materials.    Headquarters  for  85%  Magnesia 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


THE  KENNEDY  VALVE  MANUFACTURING  CO. 

ELMIRA,  N.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hy- 
drants; Indicator  Valves  for  Automatic  Sprinkler  Equipnu'ut. 


THE  LUDLOW  VALVE  MFG.  CO. 

TROY,  N.  Y. 
Manufacturers   of  genuine   Ludlow   Gate   Valves  for   all   purposes. 
Special  Blow-oflf  Valves.     Check  Valves.     Foot  Valves.     Sluice  Gates. 
Indicator  Posts.     Fii-e  Hydrants. 


THE  LUNKENHEIMER  COMPANY 

CINCINNATI,  OHIO 

Manufacturers  of  high-grade  engineering  specialties,  comprising  Brass  and  Iron 
Valves,  Whistles,  Cocks,  Gauges,  Injectors,  Lubricators,  Oil  Pumps,  Oil  and  Grease  Cups, 
etc.,  adapted  to  the  requirements  of  all  classes  of  maehinerj-. 


MONARCH  VALVE  &  MANUFACTURING  CO. 

39  CoRTLANDT  St.,  NEW  YORK  SPRINGFIELD,  MASS. 

Manufacturers  of  Bronze  and  Iron  Bodied  Valves  for  various  pressures 
and  purposes. 


MOREHEAD  MANUFACTURING  CO. 

DETROIT,  MICH. 

Return,  Non-Return,  Vacuum  and  Condenser  Steam  Traps.  The  Morehsad  Tilting 
Steam  Trap  is  the  original  design  of  tilting  trap,  having  been  on  the  market  for  a  quarter 
of  a  century.  For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself. 
Illustrated  descriptive  catalog  sent  on  request. 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 
Founded  1878  Inc.  1904 

Builders  of  The  Murphy  Automatic  Furnace.     The  best  Automatic 
Furnace  that  thirty  years  practical  experience  can  produce. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1236.  A  New  Transmission  Dynamometer:  W.  H.  Kenerson,  price  $0.10;  No.  HOG. 
A  Low- Resistance  Thermo-Electric  Pyrometer  and  Compensator:  W.  H.  Bristol,  price 
S0.30;  No.  1064.  The  Bursting  of  Four-foot  Fly-wheels:  C.  H.  Benjamin,  price  $0.10;  No. 
S  30  Xa.    Efficiency  Tests  of  Lubricating  Oils:  F.  H.  Sibley,  price  $0.10 
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POWER    PLANT   AUXILIARIES    AND    SPECIALTIES 


GOVERNORS 


SUPER- 
HEATERS 


WATER 
SOFTENING 

PURIFYING 
AND 

FILTERING 
SYSTEMS 

INJECTORS 

CONDENS- 
ERS 

VALVES 

ENGINE 
STOPS 


INJECTORS 

AND 

OIL  PUMPS 


INSTRU- 
MENTS 


LUBRICAT- 
ING 
OILS 


PAPERS 
ON 

POWER 
PLANTS 


THE  PICKERING  GOVERNOR  CO. 

PORTLAND,  CONN. 

Governors  for   Steam   Engines,  Turbines,   Gas   Engines.     Mechanical 
Control  Power  Regulation. 

See  Page  111  of  Condensed  Catalogues  of  Mechanical  Equipment. 


POWER 

SPECIALTY 

CO. 

Ill 

Broadway 

NEW  YORK 

coal 

The  Foster 
and  boiler 

Patent  Superheater,  saves  feed  water, 
lower. 

condensing  water. 

WM.  B.  SCAIFE  &  SONS  COMPANY 

221  First  Ave.,  PITTSBURG,  PA. 

WE-FU-GO  and  SCAIFE  Water  Softening,  Purif.ying  and  Filtering 
Systems  for  boiler  feed  water  and  all  industrial  and  domestic  purposes. 


SCHUTTE  &  KOERTING  CO. 

1229-57  N.  12th  St.  PHILADELPHIA,  PA. 

Injectors,  Syplion.s,  Eductors,  Furnace  Blowers,  Exhausters,  Puuip  Primer.s,  Con- 
densers, Spray  Cooling  Nozzles;  Valves;  Small  Brass  and  Iron  Body,  Open  Hearth  Steel- 
Stop,  Stop  Check,  Emergency  Stop  Check,  Trip,  Throttle  Trip,  Engine  Stops,  Steam 
Traps,   Feed  Water  Heaters,  etc. 


SHERWOOD  MANUFACTURING  CO. 

BUFFALO,  N.  y. 

Twenty-five  years'  experience  manufacturing  the  Sherwood  Double  Tube  Injectors 
for  high  duty;  Buffalo  Automatic  Injectors;  also  makers  of  the  Hart  Force  Feed  Oil  Pump 
for  Steam  Engines;  Buffalo  Force  Fcetl  Multiple  Oil  Pumps  for  Gas  and  Gasoline  Engines; 
Oil  Cups,  etc.      Catalog  on  application. 


C.  J.  TAGLIABUE  MFG.  CO. 

.32  THIRTY-THIRD  ST.  BROOKLYN,  N.  Y. 

Local  Sales  Offices  in  Chicago  and  San  Franci-sco 
Manufacturers  of  Instruments  for  Indicating,  Recording  and  Controlling  Tempera- 
ture and  Pressure.      Tlicrincinictirs;  Automatic  Controllers;   Gages;  Oil  Testing  Instru- 
ments; Engineers'  Testiim  S  t^.  l',\  rometers,  Barometers,  Hygrometers,  Hydrometers,  etc. 
Sec  our  Condensed  Valnhiiiin-  in  April  1911    tiumht-r  of  The  Journal. 


THE  TEXAS  COMPANY 

NEW  YORK  HOUSTON 

Lubricating  Oils  for  Power  Plants,  Central  Stations,  Machine  Shops, 
Foundries  and  all  general  pin-poses.  All  classes  of  Petroleum  Products  of 
the  highest   quality. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  S  107  X.  The  1912  U.  S.  Standard  Schedule  of  Standard  Weight  and  Extra  Heavy 
Flanged  Fittings:  Corn-report,  price  $0.10;  No.  1297.  Transmission  of  Heat  in  Surface 
Cimdensation:  G.  A.  Orrok,  price  $0.50;  No.  1259.  Cooling  Towers  for  .Steam  and  Gas 
I'ower  Plants:  .1.  R.  Bibbins,  price  $0  40;  No.  1072.  Condensers  for  Steam  Turbines:  G.  I. 
Rock  wood,  price  $0.20. 
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^YHEELER  CONDENSER  &  ENG.  CO. 

Main  Office  and  Works:  CARTERET,  N.  J. 

Surface,  .Ii't  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative  Dry 
\  aeuum  Pumps  an<l  Multiple  Effect  and  EvaporatiuK  Macliiiiery. 


NEW    VORK 


C.  H.  WHEELER  MFG.  CO. 

PHILADELPHIA,  PA. 

BOSTON  CHICAGO 


SAN    FRANCISCO 


Manufacturoi'.'!  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed- Wat  er  H(>aters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


CONDENS- 
ERS 

PUMPS 

COOLING 
TOWERS 


CONDENS- 
ERS 

COOLING 
TOWERS 
FEED-WATER 
HEATERS 


HOISTING  AND    CONVEYING    MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Macliinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper- 
Converting  Machinery,  etc. 


THE  BROWN  HOISTING  MACHINERY  CO. 


Xf.w  York 

I'lTTSBUROH 


CLEVELAND,  O.,  U.  S.  A. 


San  Francisco 
Chicago 

Designers  and  manufacturers  of  ail  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heav\-  Hoisting  Machinery  of  all  descriptions.  Also  Ferroinclave  for  reinforced  con- 
crete roofinE. 


H.  W'.  CALDWELL  &  SON  COMPANY 

NEW  YORK  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery.  Helicoid 
and  screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 
and  drives,  sprocket  wheels  and  chain,  buckets,  belting,  shafting  and  bearings. 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 
Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 
Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight 
I]levators,  Hoisting  Machines,  Friction  Winding  Drums,  F>iction  Clutches 
and  P>iction  Clutch  Pulleys. 


CRANES 

STEAM 
HAMMERS 

PUNCHES 

AND 

SHEARS 


HOISTING 
MACHINERY 


CONVEYORS 

ELEVATORS 

POWER 
TRANS- 
MISSION 


HOISTING 
ENGINES 
AND 
DERRICKS 


ELEVATORS 

FRICTION 
CLUTCHES 

PULLEYS 
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HOISTING   AND  CONVEYING    MACHINERY 


CONVEYOR 
BELTS 


ELEVATING 

CONVEYING 

MINING 
MACHINERY 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFERS 


ELEVATORS 

AND 

CONVEYORS 


ELEVATING 
AND 

CONVEYING 
MACHINERY 


CRANES 


ROBINS 

BELT 

CONVEYORS 


PAPERS 

ON 

HOISTING 

AND 

CONVEYING 

MACHINERY 


THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.    The  Goodrich  "LongHfe" 
"Maxecon"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  anv  other  belt  made. 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery:  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  et;'.  Complete  Coal  Mine  Equip- 
ments. 


LIDGERWOOD  MFG.  CO. 


96  Liberty  St. 


NEW  YORK 


Hoisting  Engines — steam  and  electric,  for  every  usetof  the  contractor,  miner,  ware- 
houseman, railroads,  shipowners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists,  Cable- 
ways  for  hoisting  and  conveying.  Marine  Transfer  for  coal  and  cargo  handling. 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for  every  purpose;  all  accessories;  Power 
Transmission  Machinery. 


MEAD-MORRISON  MANUFACTURING  CO. 

NEW  YORK  BOSTON  CHICAGO 

Coal-Handling  Machinery,  Hoisting  Engines,  complete  Discharging  and  Storage 
Plants,  Cable  Railways,  Marine  Elevators,  McCaslin  and  Harrison  Conveyors,  Steam, 
Electric,  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
Locomotive  Derricks,  Suspension  Cable  ways. 


THE  MORGAN  ENGINEERING  CO. 

ALLIANCE,  OHIO 

Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.  We 
also  design  and  build  Steel  Plants  complete,  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


ROBINS  CONVEYING  BELT  COMPANY 

13  Park  Row,  New  York 

The  Robins  Belt  Conveyor  was  the  original  and  is  today  the  standard  of  this  type  of 
conveying  machinery.  It  is  successfully  and  economically  conveying  ore,  rock,  coal  and 
similar  materials  under  the  most  trying  conditions  of  service.     Correspondence  invited. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1235.  Automatic  Feeders  for  Handling  Material  in  Bulk:  C.  K.  Baldwin,  price 
$0.10;  No.  1234.  A  Unique  Belt  Conveyor:  E.  C.  Soper,  price  $0.10;  No.  1300.  Operating 
Condition  of  Passenger  Elevators:  R.  P.  Bolton,  price  $0.20;  No.  1161.  A  Highspeed 
Elevator,  C.  R.  Pratt,  price  $0.40;  No.  S52X.  Mechanical  Handling  of  Freight:  S.  B. 
Fowler,  price  $0.20. 
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HOISTING  AND  CONVEYING    MACHINERY 


JOHN  A. 

ROEBLING'S  SONS  COMPANY 

TKEXTOX,  X.  J. 

Manufacturers 

of  Iron,   Steel  and   Copper   Wire   I{(ipe,   ami    Wire  of 

every  desrrii)ti()ii. 

SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.    Gantries.     Wharf  Cranes.    Rail- 
road Wrecking  Cranes.    Mono-Rail  Systems.     Electric  Motor  Controllers. 


THE  TOLEDO  BRIDGE  &  CRANE  CO. 

TOLEDO,  OHIO 
Toledo  Cranes  and  Hoists;   Coal  and  Ore  Handling  Bridges;  Grab 
Bucket  Machinery;  Electric  and  Hand  Power  Cranes,  all  types,  any  capac- 
ity; Structural  Steel  for  Factory  Buildings. 


THE  WEBSTER  M'F'G  COMPANY 

(Successors  to  WEBSTER  M'F'G  CO.) 
TIFFIN,  OHIO  Eastern  Branch:  88-90  Reade  St..  NEW  YORK 

Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for  all 
purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for  riianufac- 
turing  give  us  large  advantages.  Belt  Conveyors  for  handling  cements,  ores,  sand,  gravel, 
etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings.  Chain  belting. 
Gearing. 


THE  YALE  & 

9  MuRR.w  St. 

Makers  of  the  Triplex  Block 
is  made  in  14  sizes,  with  a  lifting 
Hoist  in  10  sizes,  \  to  16  tons. 

TOWNE  MFG.  CO. 

NEW  YORK 

and  Electric  Hoists.    The  Triple.x  Block 
capacity  of  from  4   to  20  tons;  F>lectric 

WIRE   ROPE 


CRANES 

MONO-RAIL 
SYSTEMS 

CON- 
TROLLERS 


CRANES 
HOISTS 


ELEVATING 

CONVEYING 

POWER 
TRANS- 
MITTING 
MACHINERY 


CHAIN 
BLOCKS 

ELECTRIC 
HOISTS 


AIR  COMPRESSORS  AND   PNEUMATIC  TOOLS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 
Manufacturers  of  "Chicago  Pneumatic""  Air  Compressors  and  a  com- 
plete line  of  Pneumatic  Tools  and  Aj;)pliances. 


INGERSOLL-RAND  COMPANY 


11  Broadway 


NEW  YORK 


Twenty  standard  Air  Compressor  types,  capacity  8  to  8000  cu.  ft.  per  minute;  "Crown" 
and  "Imperial"  Hammers  and  Drills,  all  sizes;  "Imperial"  Air  Motor  Hoists,  J  to  5  tons 
capacity;  "Crown"  Sand  Rammers,  floor  and  bench  types. 
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MOTORS 
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FORMERS 
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MENTS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 

Generators,  motors,  Curtis  steam  turbines,  switchboards,  transformers,  locomotives, 
lighting  equipments,  air  compressors,  electrically  heated  devices  for  industrial  purposes. 
Largest  manufacturer  of  electrical  apparatus  in  the  world. 


WAGNER  ELECTRIC  MFG. 

ST.  LOUIS,  MO. 


COMPANY 


Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power  and 
Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  polyphase 
generators  and  motors  the  market  affords.  Manufacturers  of  the  most  comprehensive  line 
of  switchboard  and  portable  instruments  offered  to-day. 


ELECTRIC 

MOTOR 

DRIVE 


WESTINGHOUSE  ELECTRIC  &  MFG.  CO. 

PITTSBURG,  PA. 

Westinghouse  Electric  Motor  Drive.  Pumps,  compressors,  hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  driven  with  Westinghouse  Motors. 


POWER  TRANSMISSION 


PULLEYS 


PULLEYS 


THE  AMERICAN  PUJLLEY  CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  any  one  make  of  pulley.  No  key,  no  set  screw,  no  slip:  light,  true 
and  amply  strong  for  double  belts.     120  stocks  carried  in  the  United  States. 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  126"  diameter,  3  to  40"  face,  and  fit  any  size  shaft  from  1 
to  85".     Let  us  send  you  our  booklet  illustrating  all  styles. 


PAPERS 
ON 

POWER 
TRANS- 
MISSION 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1276.  Symposium  on  Electric  Driving  in  Machine  Shop:  A.  L.  DeLeeuw,  C.  Rob- 
bins,  J.  Riddell  and  discussion,  price  $1.10;  No.  1335.  Variable-speed  Power  Transmission: 
G.  H.  Barrus  and  C.  M.  Menly,  price  $0.10;  No.  S  47  X.  A  New  Theory  of  Belt  Driving: 
S.  Haar,  price  $0.20;  No.  1230.  Transmission  of  Power  by  Leather  Belting:  C.  G.  Barth, 
price  $0.50. 
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THE 

A. 

& 

F.  BROWN 

CO. 

172  Fulton 

St. 

NEW 

YORK 

Manufacturers  of  Shaft 

iiiK, 

Pulleys,  Hangers, 

etc., 

for 

Tran 

^mission 

of  Power. 

THE  CARLYLE  JOHNSON  MACHINE  CO. 

MANCHESTER,  CONN. 

Send  for  our  Catalog,  and  Clutch  Booklet  entitled  "  Clutches  for  Use 
in  Machine  Building."  The  information  set  forth  therein  will  be  of  interest 
to  anv  Builder  or  Designer  of  Machinery. 


DODGE  MANUFACTURING  CO. 

MISHAWAK4,  IND. 
Manufacturers   of  everything  for   the   Mechanical   Transmission   of 
Power;   also   Elevating  and   Conveying   Machinery,   and   the   "Eureka" 
^^'ater  Softener.    Send  for  general  catalog  C-10. 


FALLS  CLUTCH  &  MACHINERY  CO. 

CUYAHOGA  FALLS,  OHIO 
Friction  Clutch  Pulleys,  Couplings,  Quills,  Operators,  Clutch  Sheaves, 
Floor  Stands,  Heavy  Mill  Bearings,  Shaft  Couplings,  Sheaves  and  Tension 
Carriages,  Pulleys  and  Fly  Wheels. 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 
Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope  or  gear  driving,   including  the  well  known   Hill  Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


D.  O.  JAMES  MANUFACTURING  CO. 

1120-22  W.  Monroe  St.  CHICAGO 

Specialists  in  cut  gearing;  spur,  spiral,  bevel,  mitre,  worm.s  and  worm 
gears,  rawhide  pinions,  racks,  incased  worm  gear  reductions,  O'K.  speed 
reducing  transmissions  4:1  up  to  1600:1. 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmi.ssion  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


T.  B.  WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern  and  Approved  Appliances  for  the  transmission  of  Power. 
Shafting,  CoupUngs,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 
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PAPERS  ON 
AIR 
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PRESSORS 
AND 

PNEUMATIC 
TOOLS 


ALUMINUM  COMPANY  OF  AMERICA 

PITTSBURGH,  PA. 
Alumimim  Ingot,  Sheet,  Rod,  Wire,  Cable,  Tubing  and  other  forms. 


AUBURN  BALL  BEARING  COMPANY 

22  Elizabeth  St.  ROCHESTER,  N.  Y. 

Auburn  Four  Point  Contact  Cone  Principle  Ball  Thrust  Bearings, 
Auburn  Steel,  Brass  and  Bronze  Balls,  Solid  and  Hollow. 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 
Engineers,  Founders  and  Machinists 
Castings  of  Unusual  Size,  Weight  and  Strength.     Large  and  Accurate 
Machine  Work.     Grinding  and  Polishing  Machines. 


ROBERTS    FILTER   MFG.  CO.,  Inc. 

DARBY,  PHILADELPHIA,  PA. 

Designers  and  Builders  of  Water  Filters  of  both  the  Pressure  and 
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STANDARD  ROLLER  BEARING  COMPANY 
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BEAVER  FALLS,  PA. 

Makers  of  Bright  Cold  Finished  Bessemer,  Open  Hearth  Crucible  and 
AUoy  Steels,  in  Rounds,  Flats,  Squares,  Hexagons  and  Special  Shapes. 


PAPERS  PUBLISHED  BY  A.  S.  M.  E. 

No.  1320.  Commercial  Application  of  the  Turbine  Turbo-Compressors:  R.  H.  Rice, 
price,  $0.30;  No.  830.  Compression  and  Liquidification  of  Gas:  A.  L.  Rice,  price  $0.10; 
No.  804.  A  Pneumatic  Despatch-tube  System  for  Rapid  Transportation  of  Mails  in  Cities: 
B.  C.  Batcheller,  price  $0.30;  No.  1295.  The  Development  of  the  Air  Brake:  (Presidential 
Address)  G.  Westinghouse,  price  $0.20. 
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